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Abstract: In order to explore the ultra high energy cosmic rays abt¥® eV (UHECRS), huge detection area is
crucial. In the near future, UHECRs will be observed fromcgpim projects such as JEM-EUSO, to cover huge area,
and fluorescent and Cherenkov light will be detected fronersite air showers (EASs) induced by UHECRSs. Since
those space-based experiments will observe most of EAS&at®a, it is necessary to take the effect of humidity into
account to obtain their longitudinal developments fromftherescence yields along their trajectories. We have ntedsu
humidity dependence of life time and of fluorescence yiehdaiii fluorescence for 10 lines between 300nm and 430nm
with Sr90 source. The fluorescence yields decreased wittehigumidity: for example;~20% decrease was observed
for ~100% relative humidity at 1000hPa. The reference pressieesmined from the fluorescence yields and the life
time were consistent with each other for each line. If ouultssare applied to the UHECR observation from space
above sea, fluorescence yields will be reduced about 25%iimeaea surface at low latitude in summer of US standard
atmosphere 1966. Most of the observed EASs by JEM-EUSO wilhblined (the typical zenith angle is 60 deg.), so
that the shower maximum will be far from the sea surface. &loee, the decrease of the yield by humidity at shower
maximum might be small but not negligible.
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1 Introduction like a desert. However, an observation from a satellitetorbi
will be main stream in the future because a huge exposure

Ultra high energy cosmic ray enters the atmosphere and iis-required for the UHECR observation. Therefore, most

duces a cascade shower. The main component is electropshowers will be observed above sea and the fluorescence

which excite nitrogen and produces fluorescence photoligld in moist air must be examined.

in near ultra-violet region. So called air fluorescence

method was proposed in 1960’s to observe UHECRs. T

fluorescence yields are nearly proportional to the depabsit

energy in the atmosphere. This method has been used b ) )

experiments such as Fly’s eye[1], High resolution fly’s ey(‘y\)ﬁen an e_Iectron passes through air, an excited state of

(HiRes)[2], Pierre Auger Observatory (Auger)[3] and TeIe-N? or Ny WI|| be _produced_and then_f_luorescence photons

scope array experiment (TA)[4]. It will be also used in fu_wlll be emitted with a certain prob:fiblhty. The fluorescence

ture experiments from space like TUS[5], JEM-EUSO[G])/'e'dS ;) for Wavelengt_hz() per unit length by an electron

KLYPVE[7], S-EUSO[8]. The principle of the air fluo- 'S €xpressed as a function of presspre

rescence method is simple, however, it is not straightfor- dE / 1

ward when we apply it to the real measurement. Because ei(p) = "L (h ) ~i(p) , 1)

we need to understand a lot of factors, such as the fluo- v Vi

rescence yields in various atmospheric conditions, athherep is the gas density; is the photon energyE /dz
spheric transmittance, systematics of the detector_ and_go[he total energy loss of the electras.(p) is the fraction
on. Above all, the knowledge of the fluorescence yields igt ihe energy emitted as photons to total energy loss[11].
fundamental. Hereafter we omit the suffixsometimes.
We have started the measurement of the fluorescence yieifl§s reciprocal of the lifetime consists of three terms.
in dry air and published the results[9, 10], because the ex-
periments on ground so far have been performed in dry area r 1.1 1 1 1 @)
-

Fluorescence yields in moist air
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wherer,. is the lifetime of transition with radiation from an The band widths were about 10 nm except the 391.4 nm
excited state to a lower state, is that of internal quench- filter with 5 nm width. The data were taken with the pho-

ing (internal conversion plus inter-system crossing) and ton counting method. The charge of the signal from each
is that of collision de-excitation. The reciprocal afis PMT and the time difference between the electron signal

expressed by and the photon signal were recorded for coincident events
1 /8 3) of an electron signal with signal from one of photon PMTs.
— = po ) .. . .
Te POy pkpT Air in the laboratory was taken into the chamber at vari-

whereg is the cross-section of collision de-excitation beOUs pressures between 1 hPa and 1000 hPa to determine the
tween molecules; s is the Boltzmann constarif, is tem-  fluorescence yields in dry air. In order to study humidity
perature, angk is the reduced mass of the two moleculesdependence of the fluorescence yields, the total pressure
Here, the reference pressuré, is defined as the pressurewas fixed at 30, 100 and 1000 hPa and the humidity was

whenr, equals tor, and changed between 0% and 93% under the constant temper-
ature around 2TC. In order to increase or decrease humid-
1 8 ity, air was passed through water or silica gel. The humid-
— =10 . 4 . .
1% wukpT ity in the chamber was measured with two hygrometers,

VAISALA HMP234 and Toplas TA502 which were con-
Let us consider the effect of water vapor. Théis related firmed to work also at lower pressure than 1 atmosphere by
to 7o with the manufacturers. Both hygrometers showed consistent
humidity with each other during the measurement.

1
17 = (fnqnn + foqno + qunw)To
1 1 4 Results
= (1 - p—w) —
p pdryair p pHQO

Fluorescence yields per unit length per electrgm@s de-
wheref,,f, andf,, are proportional to partial pressures ofrived with the following equation.
N5, O; and K0, respectively and normalized 1q + f, + N
fw = 1. ¢un, gno @Ndqny are the quenching rate constants €= > ,
of the collisional de-excitation between;Nor N *) and Neln /4w (QE)(CE)
N2, O, and KO, respectivelyp,, is water vapor pressure. where N, is the number of detected photon signal§,
Paryair aNdpiyo( are the reference pressures for dry air anthe number of electron signalg,the transmission of the

9)

water vapor, respectively. quartz window,f the transmission of the interference fil-
Then the lifetime and the fluorescence yield for each wavéer at the wavelength of the main nitrogen emission in
length band are expressed wijthas study, 2, QE and CE the solid angle, the quantum effi-
ciency and the collection efficiency of the PMT, respec-
1 (1 p) tively, [ the length of the fluorescence section. Fluores-
- = - + — > and (6) . A
T To P cence yields and lifetime at constant total gas pressure wer
Cfop measured and are shown in Figure 1 and Figure 2 respec-
e(p) = 112 (7) tively, as a function of water vapor pressure. Fluorescence
4 yields and lifetime decrease with increasing water vapor
where pressure, because Mholecules are de-excited by collision
o 1 dE (i) - (0) ®) with water molecules. These data are fitted by Egs.(6) and
R,T dox \ hv ' (7), with the reference pressure in moist air expressed in

6E_q.(5), and thempj;,, was determined. In this fitting pro-

Cess py,..;, Was fixed to that determined from the dry air
data[10].pj;, derived from the yield data and the lifetime
data are consistent with each other within 1-2 hPa.

_ Derivedpyy, atp = 30 hPa for 10 lines are summarized in

3 Experiment Figure 3.pj;50 for IN lines (391nm and 428nm) are about
0.4~0.8 and are smaller than those for 2P lines, which are

A cubic chamber of 25 cm was used to keep air in variouaround 2-3 hPap}, for 337nm and 358nm at total pres-
conditions[9, 10]. Decay electrons (0.85MeV on the aversure 100 hPa and 1000 hPa were also determipégd,,
age) from“Sr (74MBq) were collimated and the numberdetermined from the yield data at 30 hPa, 100 hPa and
of electrons which pass through the chamber was count@@00 hPa are 1.36 hPa, 1.70 hPa and 1.66 hPa for 337 nm,
by a scintillation detector. Three 2” photomultiplier twbe and 1.23 hPa, 1.61 hPa and 1.27 hPa for 358 nm, respec-
(PMTSs) selected for low noise were attached to three sidéigely. Each error is 0.1-0.2 hPa. No significant pressure
of the chamber to detect fluorescence photons througlependence qfj;,, is observed. Our results are compared
bandpass filters. The central wavelengths of the filters wevéth those of AIRFLY[12], AIRLIGHT[13], Morozovet
313, 325, 330, 337, 358, 370, 380, 391.4, 400 and 430 n@l. [14] and Pancheshngt al. [15, 16] in the same figure.

©»(0) corresponds to the fluorescence efficiency in the a
sence of collisional quenching[11] ar¢, is the specific
gas constant.
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Figure 3: pj,o for 13 nitrogen lines. Our results are
shown by circles (determined from the yield) and squares
(from the lifetime). They are compared with those by
AIRFLY[12] (triangles), AIRLIGHT[13](diamonds), Mo-
rozov et al. [14](crosses) and Pancheshmgial. [15,

Figure 1: Fluorescence yields of 337nm, 358nm a”%](stars).

391nm lines as a function of water vapor pressuxg @t

p =30hPa. Solid lines show the best fit curves by Eq. (7).
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USstd76. Therefore, we have used US standard atmosphere
1966 (USstd66) to see the humidity effect on fluorescence
measurement from cosmic rays. Figure 4 shows water va-
por pressure profile as a function of altitude. In winter at
high latitude, water vapor pressure is relatively smalyho
ever, it increases up to 30 hPa, which corresponds to 80%
relative humidity, in summer at low latitude.

—e— 15°N annual
--®- 30°N January
3 —— 30°N July
--A-- 45°N January

(hPa)

H20
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Figure 2: Reciprocal lifetime of 337nm, 358nm and

391nm lines as a function of water vapor pressyxg)t
p =30hPa. Solid lines show the best fit curves by Eq. (6)

Figure 4: Water vapor pressure as a function of altitude

from US standard atmosphere 1966 model. The data at

15°N are shown by solid circles, those at°8Dby solid

They are consistent one another, although the errors of otiuares, those at 4§ by solid triangles and those at 80
results are relatively large for some lines.

5 Application to UHECR fluorescence obser-

vation from space

by solid inverted triangles. January data are connected by
dashed lines and July data are connected by solid lines.

Using not only the humidity data but also the temperature
and pressure data of the USstd66 model, we have calcu-
lated expected total fluorescence yields between 300 and

US standard atmosphere 1976 model[17] (USstd76) h430 nm as a function of altitude for winter and summer
been used frequently in the field of UHECR observaat four latitudes (13N, 30°N, 45°N and 60N). The flu-
tion. However there is only dry atmosphere model in the
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orescence yields at each altitude was calculated with thi#e have measured the quenching of nitrogen fluorescence
following equation: by water vapor for ten lines and applied the result to the
various atmospheric conditions from US standard 1966
model. Fluorescence from the typical EAS observed by
<@) ¢(0)p (10) JEM-EUSO (zenith angle=6pwill be decreased by sev-
dz /) s5mev hv(1 + pRyV293T /) eral percent at shower maximum in summer at low latitude.
For horizontal showers near sea surface, as are induced by
wherepy, is the reference pressure at’2) andp’ is de-  neutrinos, the decrease will be larger up to 25%. We have
fined by Eq.(5). Meamy,, from the yield data and from shown here only the decrease of the fluorescence yields by
the lifetime was used for each line. The yield for USstd7§umidity at emission point. Since the attenuation in atmo-
model (dry air) is normalized to one. The decrease of thephere is relatively small for space-based observatibes, t

yield in summer at low latitude is about 25% at sea levghhoton yield in moist air would be applicable with little
(see Figure5). In order to see the influence of the humignodification.

ity in USstd66 model, the ratio for dry air is shown in th
same figure for the 30NJuly profile (labeled with “(hu-
midity=0)" in Figure 5). The yield agrees well with that of
USstd76 within a few %. Therefore the decrease in yiel
for 30N° July is understood to be caused by humidity, no
by the difference in temperature or pressure profile of bot

®The decrease in the fluorescence yields by humidity is not
negligible especially in summer at low latitude. It is neces
ary to take into account the characteristics of the detecto

each project to estimate how much the humidity influ-
nces on the observation actually.

models.
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