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Abstract. Extensive air showers initiate the fluorescence emissians fitrogen mole-
cules in air. The UV-light is emitted isotropically and camised for observing the longi-
tudinal development of extensive air showers in the atmegpbver tenth of kilometers.
This measurement technique is well-established sinceekptoited for many decades by
several cosmic ray experiments. However, a fundamentaicasp the air shower analy-
ses is the description of the fluorescence emission in deperdn varying atmospheric
conditions. Diferent fluorescence yieldsfect directly the energy scaling of air shower
reconstruction. In order to explore the various detailshefnitrogen fluorescence emis-
sion in air, a few experimental groups have been performaaicited measurements over
the last decade. Most of the measurements are now finishedeTéxperimental groups
have been discussing their techniques and results in @& s&rfar Fluorescence Work-
shopscommenced in 2002.

At the 8" Air Fluorescence Workshop 2011, it was suggested to deelgmmon way
of describing the nitrogen fluorescence for applicationitskower observations. Here,
first analyses for a common treatment of the major dependeritbe emission procedure
are presented. Aspects like the contributions fiedént wavelengths, the dependence on
pressure as it is decreasing with increasing altitude imthsphere, the temperature de-
pendence, in particular that of the collisional cross sestibetween molecules involved,
and the collisional de-excitation by water vapor are diseds

1 Introduction

The detection of ultra-high energy cosmic rays is very @mgling and it is a major key to answer
open questions in astroparticle physics. Cosmic rays assemgers of processes in their sources and
at their propagation towards us. Two important aspectsettsmic ray properties are their energy
and mass composition in order to evaluate the shape of timeicoay spectrunm[1].

For detecting ultra-high energy cosmic rays, extensivekawers initiated in the Earth’s atmo-
sphere are observed. Manifold techniques have been dexbimer the last decades and in this article,
we will focus on the fluorescence technique.

a8 e-mail:bianca.keilhauer@kit.edu


http://arxiv.org/abs/1210.1319v2

EPJ Web of Conferences

While extensive air showers are developing through the spinere, their energy deposit causes
an excitation of atmospheric nitrogen molecules. The sptdus de-excitation can be separated into
a radiative and a non-radiative channel. The isotropicathjitted UV fluorescence light is propor-
tional to the energy deposit and can be used to perform ansaltatrimetric measurement of the air
shower energy|2]. The fluorescence technigue was invéstgaitially in [3] and found its successful
application at Fly’s Eye [4], HiRes (High Resolution Fly'y&experiment) [5], the Pierre Auger Ob-
servatory[[6], and TA (Telescope Array) [7]. With JEM-EUSEX{reme Universe Space Observatory
onboard the Japanese Experiment Module), there are eves faut this fluorescence technique
onboard the 195to observe extremely high-energy cosmic rays from sgace [8]

For determining the absolute fluorescence yield, its ewnisspectrum, as well as its dependence
on varying atmospheric conditions to an appropriate le¥grecision, several experimental groups
have been performing dedicated laboratory measuremeatstos last decade. The experimental ef-
forts have been supplemented by several simulations anshaiwer reconstruction studies. These
groups have been discussing their techniques and data ires ¢ Air Fluorescence Workshops
(AFW) commenced in Utah, 2002/[9]. Main results are contebiby the following alphabetic list of
collaborations and groups led by their principal investiget AIRFLY [10/11,12,118,14,15], Airlight
[16]17], ArquerodJCM [18[19.20,21(,22], FLASH.[23,24,25,26], FragtP [27/28], KeilhauetkIT
[2930,31], LefeuvrAPC [32], MACFLY [33], NagangSakaki[34,35,36], and Ulrigh UM [37/38,39,40].
At the up to now lasAir Fluorescence Workshdp Karlsruhe, 2011, it was decided to develop a com-
mon fluorescence description for application at air showeonstructions [9]. The description of the
fluorescence emission can be summarized by thiféereint aspects — the absolute fluorescence yield,
e.g. at a representative band head, the wavelength-deptespietrum, and the dependence on atmo-
spheric conditions. At a first step, the two dependences a@irgliliscussed to be able to compare
reconstructions of extensive air showers based on a comhita-dependent shape of the fluores-
cence emission. In a second step, the challenge of detegrtimé absolute fluorescence yield is being
addressed which directly introduces the scaling of thenrsiracted primary energy of air showers.

2 Description of the fluorescence emission from molecular ni trogen in air

The fluorescence light initiated by extensive air showensgnly produced by the energy deposit
of electrongositrons from the air shower in inelastic collisions witih molecules. The observed
emission is dominated by radiative de-excitation efa¥d N; in the wavelength range between about
290 and 430 nm. The radiative de-excitation is competing gitenching processes caused by further
non-excited molecules in air. Thus, the fluorescence Ygjdgiven as the number of photons emitted
per unit deposited energy, can be determined by the intrihsdrescence yiel(‘i’gir at zero pressure
reduced by the non-radiative de-excitation. Here, we folloe nomenclature as defined in [2]. The
de-excitation processes can either be described by theahéifatime of an excited state together
with the quenching rate constant or collisional cross eesti(cf. [3], [16,17], [37,38.39,40]) or by
introducing a reference pressupg at which the probability of collisional quenching equdiatt of
radiative de-excitation, in the Stern-Volmer faclorl[41].

In this monograph, we employ the formulation using the St@imer factor for the fluorescence
yield Yair as a function of the photon wavelengthand atmospheric conditionp ¢ pressurel —
temperaturge — water vapor pressure)

1+ g0om
Yair(4, . T) = Yar(337nm po, To) - 14/1as7(Po. To) - — 5 1)

/ Ha(To)
pair(/lsTO)' % Hﬂgp)

and taking into account the temperature-dependent aribdicross sections between excited nitrogen
and air molecules in general by

Hi(T) (T )"/‘ ‘

Hu(To) — \To @
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The reference atmospheric condition at which the laboydtapbrescence measurements have been
carried out is denoted bypg, To). The wavelength dependence of the fluorescence interssiy-i
pressed as, which is relative to that wavelength at which the absoluidyis determined. The
leading factor of the right side of Edq.(V,i(337nm), gives the absolute yieldat 337.1 nm where
the emission from Blis strongest in the observation range. In E§. {)is the exponent of the power
law describing the temperature-dependent collisionassections for each wavelength.

For humid air, the characteristic pressure for drygjr has to be substituted in the denominator

of Eq. (1) by
- — o (1- ) 2 @
pair pair p pHQOp

wherepy, , is the characteristic pressure for collisional quenchirit water vapor andy, is the
partial pressure of water vapor in the atmosphere.

Above, the diferent factors are written in dependencelondowever, the spectral emissions are
mainly vibrational transitions from the Second PositivB)8ystem of N and First Negative (1N) of
N3 with some minor contributions from the Gaydon-Herman (Gy$tem of N. Since the rotational
structure of the molecular bands is not resolved in our expents, the transitions can be described
by molecular bandsv — v’ with a spectral width and shape determined by the rotatismatture.
Concerning the spectral intensity of the emissibpseach transition betwean- v* corresponds to
one wavelengtil and has, of course, its individual strength. For the faatescribing the quenching
effects, however, only the physical properties of the upperited state are of relevance. Thus, the
characteristic pressurgg, andp;, , as well as the exponeatare the same for all transitions arising
from the same upper vibrational leuel

3 First draft of a common reference yield

As a first step, we describe the spectral and atmosphericidepees of the fluorescence emissions,
see Sedl]l. This provides us a common altitude-dependege siiéhe fluorescence profile. For appli-
cation to air shower reconstructions, this requires an aaecknowledge of atmospheric conditions at
the place and time of an observed air shower everit [31].

The values for all necessary parameters to describe thefoence emission in air with the sug-
gested procedure are summarized in Tab. 1 and will be disdissnore details in the following.

3.1 Spectral intensities

For the values of ;/1337, there is a quite complete and precise measurement from IMREOI1T].
The spectral resolution of these data is very high which ksedn adequate consideration of all depen-
dences. The data, which are adopted for the first suggestiooammon reference yield, are displayed
in Fig.[d, along with data from further working groups. A siamiset, in terms of resolution and ac-
curacy, of wavelength- dependent intensities is obtairygdd@]. However for the sake of consistency,
the data set measured by AIRFLY was chosen for this fluorescadescription.

3.2 Atmospheric dependences

The AIRFLY collaboration has published a complete sepaf(1, To) values in dry air, one for each
band [10,11]. As stated above, it is expected that all imltigl transitions starting at the same upper
vibrational level have the samg, . Therefore, the suggestion is to use weighted averagee @ th
values measured for bands of a particular molecular systéimtiae same starting vibrational level.

2 p, v as vibrational quantum numbers of the upper and lower states
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Table 1. Input parameters for the common fluorescence description.

system band 2 1,/1337 Pl pﬁzo a
(nm) (%) (hPa) (hPa)

N,2P 00 337.1 100

0-1 3577 67424

o5 eoll Sl 2%  1583:080  146:005  -0.35:0.08

0-3 4050 8.0% 0.29

1-0 3159 39314

1-1 3339 4.02018

12 3537 2135076

Te e A S 1208:066  1.90:0.18  -0.20:0.08

1-4 399.8 8.38 0.29

1-5 4270 7.08 028

2-0 2977 272013

21 313.6 11.0% 041

2.2 3309 2.15 012

2.3 3500 279011 13.12+071 1.80:014  -0.17:0.08

2-4 3711 4.9% 022

25 3943 3.36 015

2-6 4200 1.7% 0.10

31 2962 5.16 0.29

3-2 3117 7.24027

3-3 3285 380014 19.88+086  1.84:02  -0.19+0.08

3-5 3672 054 004

3-7 4141 049 007

4-4 3268 0.80-0.08

e o e 19%50 184+ 02  -0.19+0.08
N;IN 00 3914 28.6:1.0

o e S 2041033 0476002 -0.76:0.08

1-1 3885 0.830.04

1-2 4236 104011 >92x032 0 0
N,GH 0-4 3463 1.74011

0-5 3661 113008 7.98+0.56 0 0

0-6 387.7 1.1% 006

52 3080 144010 21+ 10.0 0 0

6-2 3020 0.4% 0.06

6-3 3176 046006 21*10.0 0 0
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_< 80 O % Unichetal Fig. 1. Relative fluorescence intensities between about

Gilmore et al. 300 and 430 nm. The sum of the fluorescence yield
in this wavelength range fliers by -1.66% (Ulrich et
al. [40], by +2.08% (Nagano et al[_[35]), and by -
1.7% (FLASH [24]) compared to the sum of the flu-
orescence yield obtained by AIRFLY. The data from
Gilmore et al. are calculated theoretically only for the
emissions of the 2P systein [42]. Here, the sum of the
fluorescence yield in the given wavelength range dif-
fers by -3.00% compared to the yield of the 2P system
obtained by AIRFLY.
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As weight factors, the quoted uncertainties are used. Becaithe experimental technique, AIRFLY
was running, for all transitions apart from the 337.1 nmlthere is not only a given uncertainty of the
measurement itself;,-gtat but an additional value for the propagated uncertainthefrheasurement

of the 337.1 nm Ilneo-p“"1337 To take into account both uncertainties, a minimizatiogfvith

2 2
337 prop.337
2 NineslO Pl 0 — o + N - X% NoandsNi 4 +n-
2 _ (p;ir,OO — ,Llo) + ISk (palr,Ov’ Ho O-DairTOv’ + prgiges) palr,vv/ Ho 0-pa|rw’
- 2 2 2
(O_SEat ) v=1 (O_SEat ) v=1 v=0 (O'SEat )
pair,OO pair\ov’ pair,vv’
= n? (4)

is performed. The first term corresponds to the main traomski, 2P(0,0) at 337.1 nm, the second term
to all other transitions of the 2P(0) progression, and the double sum accounts for all otherdand
The searched valugg,, for the diferent bands are denotedasn Eq. (4) and listed in Tall 1 in the

fifth column. The corresponding uncertainties are deriyethbximizing the influence of °™**" to

the remaining data by settimg= +1 in the second and third term of EQl (4). For the banda'brogmss
2P(4y"), GH(5y'), and GH(6y’), we follow the recommendation of AIRFLY [10].

The quenching by water vapor molecules in the atmospherbedaken into account by apply-
ing Eq. [3) to Eq.[(1). The additional reference pressjrg, is determined experimentally at a given
temperaturely. The group of Nagan8akaki has performed systematic studies about ffezteof
quenching excited nitrogen molecules by water vapor (araiew talk by N. Sakaki at the™BAFW
2011 [43]). They measurep], (4, To) for several wavelengths in twoftérent ways. First, they an-
alyzed the measurements of the photon yield and in a secepd tsiey derlveqaH o4, To) from
lifetime measurements. The results are recalled in[Tabslgo discussed by A. Ulrich (cf. overview
talk at the § AFW 2011 [44]), a systematic discrepancy was found betwbeset two procedures.
Even though the details are not fully understood yet, thealvancertainties propagating into air
shower reconstructions arefaiently small. Here, we suggest to average the weightecagesrof
the two independent data sets, again by applying the uncgetaas weights. The procedure and the
propagation of the uncertainties is performed by

1

- 2
(D—p'Hzo,xi )
3 1

2
! (U—phzo\/li )

Zi: p;'lzo,/li '

(5)

/ —
Ph,ov =
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from photonyield  from lifetime
Band A Pho  Thio Pho  Thie
(nm) (hPa) (hPa) (hPa) (hPa)
2P(0,0) 337.1 1.36 0.07 1.68 0.13
2P(0,1) 357.7 1.23 0.12 1.83 0.18

Teble 2. Collisional 2P(0,2) 380.5 2.08 0.34 201 027
quenching reference pres-

sures for water vapor 2P(1,0) 3159 2.23 0.54 238 035
quenching affy =293 K as 2P(1,4) 399.8 1.30 0.29 226 041

obtained by[[45.43].
2P(2,2) 3309 1.95 0.49 288 0.39

2P(2,4) 3711 162 0.28 159 0.2

IN(0,0) 3914 040 004 042 0.03
IN(0,1) 427.8 053 007  0.89 0.07

and

: (6)

! (U—pf-izowti)
respectively. The final values are listed in Tab. 1. As ingidan Tab[2, no data are given for several
weaker transitions. In this case, we suggest to apply a wegiverage of thp;, ,, values o = 1 and

2 for those ofv = 3 and 4. The emissions for the two weaker bands 2P(@nd 2P(4y) contribute
with 4.8% to the entire emission at atmospheric ground dandi (c.f. Tab[dl). For all other band
systems, they, , is set to zero because of missing information but theseitrams contribute with
only 2.1% to the total intensity (c.f. Td0. 1).

A set of measurements of thecodficient describing the temperature dependence of the quench-
ing cross sections of the main bands of the 2P and 1N bandnsysteair is also provided by the
AIRFLY Collaboration [13]. The most recent data have beespnted at the™®Air Fluorescence
Workshop in L'Aquila, Italy [46]. Because of the same expegital technique, the-values are de-
rived by following the same procedure as fgf,. In the absence of further experimental data for
weaker transitions, the weighted averages wélues ofv = 3 and 4 are calculated correspondingly to
the procedure fophzo.

Having derived all necessary information to determine theriscence emission in air, an aca-
demic fluorescence yield profile is plotted in Hig. 2 for anS0MeV electron. In addition, the fluo-
rescence emission is plotted for the case of no water vapemaung nor applying the temperature-
dependent collisional cross sections (red, dashed line).

Some systematics about the choice of the suggested pararwetihe reference description of the
fluorescence emission are investigated and displayed if@Fkpr both, the quenching by water vapor
and the temperature-dependent collisional cross sectibesfect of applying estimated values to
the weaker transitions are presented.For the water vaoraping, also another data set is shown for
comparison (Fid.13, left, red curves). In the case of tempesadependent collisional cross sections,
there have been no measurements up to now to determine éf ihafso a temperature-dependence
for the de-excitation by water vapor molecules. Thus, wdiagm@n artificial dependence which is
calculated with a factor of -5 to the knowanvalues for water vapor to simulate a quite extreme case.
As can be seen in Fifl 3, right, blue dotted curve, the oveaaiations are of minor importance.

4 Application to Air Shower Reconstruction

In the following, the reference description of the fluoresmeemission is applied to full air shower
reconstructions. Here, we use an exemplary set of highitghgbrid events which have been observed
during one year by the Pierre Auger Observatory with botkeatet components, the fluorescence
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Fig. 2. Left: Fluorescence yield for an “always fresh” 0.85 MeV ¢ten. The absolute scale is determined by the
fluorescence yield of the 337.1 nm line at 800 hPa and 293 Ktlxken [35] which is 6.38y337/MeV. The black,
solid line represents the fluorescence emission includihgnawn atmospheric dependences. An exemplary
atmospheric profile for early morning, summer conditionshatsite of the Auger Observatory has been used.
The ground temperature was about 290 K and the relative litynaldout 65%.The red, dashed line represents the
emission as described by Edj. 1 without taking into accourniBtad settingy, in Eq.[2 to zero. Right: Oference

of the modified to the standard reference description of thardélscence emission. The abrupt variations of the
fluorescence yield are due to small layers of increased wapmr in the given atmospheric profile.
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Fig. 3. Left: Variations ofp;, . Right: Variations of.

detector and the surface detector for secondary parti€#:48.49]. The reconstructions are performed
with the software framewor®ftline [50] taking into account all necessary calibrations of tHéedent
detectors as well as actual atmospheric conditions in tefrpsofiles of atmospheric state variables
and measured aerosol conditiohs|[51,52,53]. The same s@t shower events is reconstructed in
the same manner several times, only the description of tlesficence emission is varied. To study
how the fluorescence descriptiofiexts the reconstruction results, we focus here on the awesho
observables primary energyand position of shower maximuax.
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Fig. 4. Left: Difference of reconstructed primary energy of air showekgyeiaganoscare Sryge: Mean 0.34%,
RMS 1.22%; $a_Naganoscare Sryger- M€anN -9.98%; RMS 1.76%.

Right: Difference of reconstructed position of shower maximum of aeis. QugerNaganoscare Srype: M€aN
0.71 g cm?, RMS 1.25 g CM?; Sta naganoscare Seve,- Mean 1.63 g cii?; RMS 3.56 g cm?.

4.1 Reconstruction results with the same absolute scaling

For this reconstruction study, we use in all calculatiorssgame absolute scaling of the fluorescence
yield which is taken from Nagano et dl. [35]. The fluorescemméssion at 800 hPa and 293 K of the
337.1 nmline is 6.38337/MeV. The reconstruction set based on the reference fluaresaescription
Srv,. IS taken as the 'standard’ and uses the data given in(Tab.elrddonstruction set of the same
data which uses the standard procedure of the Auger Obegpiatlabeled with ®gerNaganoscale
Furthermore, the fluorescence description used in the TArxegnt is implemented into the recon-
struction of these air shower events obtained by the Augese®fatory and also scaled by the same
fluorescence yield of the 337.1 nm lineaQuaganoscale IN Fig.[4, the diferent sets of reconstructions
are compared to that with the reference fluorescence déeorion the left, the dference of the
reconstructed primary energy of the air showeris given and on the right, the ftierence of the re-
constructed position of shower maximfgax is shown. It should be mentioned that in the case of the
TA-reconstruction, no temperature-dependent collidior@ss sections and no humidity quenching is
taken into account. The intensity spectrum is taken fronFIb&SH experiment, as shown in Fig. 1.

In the following, some possible systematics are investidiafhe fluorescence emission dominates
the energy scale of the reconstructions, so tife@inces of the reconstruction sets are plottedvs.
the upper part of Fig.]5. While the dependence=an very flat and small for Siger Naganoscaid0th for
the energy an&max reconstruction, a considerable dependence is foundrfiaganoscaidn particular
for the reconstructed energy.

The atmospheric dependences are studied by analyzingdbesteuctions vs. verticadmnax of the
air shower (Figl_b, middle row) and vs. month (Hig. 5, bottaw). In the first case, the influence of
different atmospheric profiles of the state variables on e.glyleeshallowly penetrating air showers
are emphasized. There is hardly any systematics for theseemted energy, but the reconstruction of
Xmax S afected. Because of the missing temperature-dependesicodi cross sections, very shallow
air showers are reconstructed withvad g cnT? larger Xmay for Sta_Naganoscaidhan for &y,,.. The
influence of the quenching by water vapor is emphasized feplgepenetrating air showers and small
modifications of the reconstructeg,,x are found for both comparisons. The seasonal dependence is
displayed on a monthly basis. Also here, no significdigas are visible for the reconstructed energy.
For the reconstruction setrSnaganoscale @ Noticeable modulation with seasons can be seen for the
reconstructed position of shower maximum.
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Fig. 5. Left: Difference of reconstructed primary energy of air showers.tRRjfference of reconstructed position
of shower maximum of air showers. From top to bottom: in deleexce on primary energy, vs. verticéhay,
seasonal variations.
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Fig. 6. Difference of air shower reconstructions for the case of iggdtie additional temperature and humidity
dependences. Left: Primary energy. Right: Position of mawaximum.

Even though some modifications of the fluorescence emissmmeaognizable for the case of
ignoring the additional temperature and humidity dependerfcf. Fig[B), the overallféect to full
air shower reconstructions is negligible. Only very fewrggehave dferences in the reconstructed
primary energy, left part of Fid.] 6, where the mean of theritistion is at -0.08% with an RMS of
0.7%. A similar picture is given for the reconstructégy, right part of Fig[6, where the mean of the
distribution is at -0.003 g cn? with an RMS of 1.02 g crr.

4.2 Discussion of different absolute scalings

In this part of the reconstruction studyfiéirent absolute scalings of the fluorescence yield are used.
Typically, the absolute yield is determined for the main &sitn line at 337.1 nm and the spectral
intensities of all other transitions are measured relbtit@ that main emission. For the reference
description presented here;g,, the absolute yield from Nagano et al. [35] is applied, tbgetvith
the spectral intensities of AIRFLY [10]. Recently, the AIRFCollaboration has presented an own
absolute yield for the 337.1 nm line, which is 7 :5,/MeV at 800 hPa and 293 K, corresponding to
5.60(1)y337/MeV at 1013 hPa and 293 KTIL5,54]. In the following, reconstiens using this absolute
yield together with the reference description are labelétl Sy, arriyscae The TA experiment
typically applies in its reconstructions an intensity gpg&m provided by the FLASH experiment for
the entire wavelengths range between 300 and 420 nm togeithean absolute scale from Kakimoto
et al. for the total emission between 300 and 400 [nm [55]. €dimg this into an absolute yield of
the main emission corresponds to 5y4@;/MeV at 800 hPa and 293 K. The reconstruction set with
these data is indicated byrSr asuscale Very recently, the group of Ulrich et al. at tAechnische
Universitat Miinchen TUM also provided an absolute yield of the 337.1 nm lin€ [40jey derived

a value of 6.3y337/MeV at 1000 hPa and 293 K, which corresponds to %3/MeV at 800 hPa
and 293 K. The reconstruction set with this absolute yidld gpectral intensities also from TUM (cf.
Fig.[), and all other parameters as given for the refereiede i labeled with Sy, tumscale Finally,
these values can be compared with a theoretical calculpidormed by J. Rosado and F. Arqueros.
With a sophisticated Monte Carlo simulation, they derivealug of 6.3ys37/MeV at 1013 hPa and
293 K [56.57].

Applying the diferent absolute scales to the same air shower reconstrastimesented in Séc. 4.1,
the diferences for the reconstructed energy Zpgk can be analyzed, see Hig. 7. The mean energy of
Sevre—AIRFLYScale IS Shifted by -9.0% as compared with the reconstruction efAliger Observatory
Sauger NaganoscaldVith an RMS of 1.5% (solid black line of Figl 7, left). F&fnax the mean is shifted
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Fig. 7. Left: Difference of reconstructed primary energy of air showers.tRjfference of reconstructed position
of shower maximum of air showers. In these figures, tif@dint absolute yields are applied.

by 1.1 g cm? (RMS 1.4 g cm?) (solid black line of Fig[l, right). Applying the scale degd from
the TUM working group, the modification is even more extrenesfied red line in Figl 7). The mean
reconstructed energy is shifted by -19.3% (RMS 2.4%) andben position of shower maximum by
3.0 g cnt? (RMS 2.2 g cmi?). Comparing the reconstruction applying the fluorescerseption of
the TA experiment with that of the Auger Observatory givessamenergy shift of 3.6% (RMS 1.8%).
The meanXyax is shifted by -2.0 g cn? with a large tail represented by an RMS of 4.1 gém

5 Conclusions and Outlook

We presented a first suggestion of a common reference désuori the fluorescence emission in air
which is widely used for high-energy cosmic ray observatidior the spectral and atmospheric depen-
dences, detailed parameters could be derived frafarént experimental studies. Smaller variations
of these data are still possible because of some pendinigptibh of experimental data and some im-
provements in our algorithms. However, the overall desicnipof the altitude-dependent fluorescence
emission has reached an appropriate level for air showensaictions. The absolute scaling is still
to debate but we hope to revive the discussion with all pattidind a reasonable decision soon.
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