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I. Introduction
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Humidity Quenching

US standard atmosphere 1966

?

Humidity quenching is very 
important for space-based 
observation such as EUSO.
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Quenching parameters

From photon yield

From lifetime

Quenching constant

or
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II. Experiments
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F. Albugues, et al.
 2.8MeV alpha particle
 2P(0,0), 2P(1,0)
 Lifetime
 50-700Torr N2 +

0-3Torr H2O
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Results (Albugues et al.)

2P(0,0) 2P(1,0) comment
kH2O[/Torr ns] 1.38±0.36 1.32±0.53 pN2=200Torr
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S.V.Pancheshnyi et al.
 Discharge
 N2+H2O(0.05-30Torr)
 295K
 2P(0,0),2P(1,0),

2P(2,1),2P(3,7)
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Results (Pancheshnyi et al.)

1N(0,0) 2P(0,0) 2P(1,0) 2P(2,1) 2P(3,7)
QH2O[10-10cm3s-1] 8.6±0.9 3.9±0.4 3.7±0.4 4.0±0.6 4.5±0.7
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Morozov et al.

 ~10keV e- beam
 N2(15,30hPa)

+H2O(0-1.4hPa)
 2P(0,0),2P(1,0)
 293K
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Results (Morozov et al.)

2P(0,0) 2P(1,0)
kH2O [106/hPa s] 17.5±1.8 16.5±1.7
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AirLight
 Sr90 e- source
 N2(30hPa)+

H2O(0-12hPa)
 2P(0,0),2P(1,0),

1N(0,0)
 ~290K
 Lifetime
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Results (AirLight)

2P(0,0) 2P(1,0) 1N(0,0)
QH2O [10-10cm3s-1] 5.43±0.12 5.78±0.17 16.02±1.09
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MACFLY

 Sr90 e- source
 296K
 Real air (950hPa) at 

Humidity=35%
 Photon yield

2P(0,v) 2P(1,v) 2P(2,v) 2P(3,v) 1N(0,v)
kH2O [/Pa ms] 92 95 98 111 211
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AIRFLY

 VdG 3MeV e-
 Air(N2:O2:Ar=78:21:1

)+H2O(0-25hPa)
 Atmospheric 

pressure
 Photon yield
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Results (AIRFLY)

Bohacova (6th AFW, 2009)
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Results (AIRFLY)

2P(0,0) 2P(0,1) 2P(0,2) 2P(0,3)
p’H2O [hPa] 1.28±0.09 1.3±0.1 1.4±0.1 1.5±0.2

2P(1,0) 2P(1,1) 2P(1,2) 2P(1,3)
p’H2O [hPa] 1.1±0.1 1.27±0.12 1.1±0.1 1.1±0.2

2P(2,0) 2P(2,1) 2P(2,2) 2P(2,3)
p’H2O [hPa] 1.2±0.1 1.5±0.4 1.3±0.3 1.2±0.3

1N(0,0) 1N(0,1)
p’H2O [hPa] 0.33±0.03 0.6±0.2
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Nagano & Sakaki

90Sr

Electron 
counter

Photon 
counter1

Photon 
counter2

Photon 
counter3

photon

 Sr90 e- source
 Air(30,100,1000hPa)+

H2O(0-10hPa)
 293K
 Photon yield, lifetime
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Results (Nagano & Sakaki)

Photon yield lifetime

2P(0,0) 2P(0,1) 2P(0,2) 2P(1,0) 2P(1,4)
p’[hPa] (from yield) 1.36±0.07 1.23±0.12 2.08±0.34 2.23±0.54 1.30±0.29
p’[hPa] (from lifetime) 1.68±0.13 1.83±0.18 2.01±0.27 2.38±0.35 2.26±0.41

2P(2,2) 2P(2,4) 1N(0,0) 1N(0,1)
p’[hPa] (from yield) 1.95±0.49 1.62±0.28 0.40±0.04 0.53±0.07
p’[hPa] (from lifetime) 2.88±0.39 1.59±0.2 0.42±0.03 0.89±0.07
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Summary of Humidity Quenching
p’H2O[hPa] Albugues(t) Pancheshnyi(t

)
Morozov(t) AirLight(t)

2P(0,v) 3.16 2.47 1.31 1.92
2P(1,v) 2.72 2.67 1.39 2.13
2P(2,v) 2.59
2P(3,v) 2.19
1N(0,v) 0.76 0.39

p’H2O[hPa] MACFLY(y) AIRFLY(y) Nagano&
Sakaki(y)

Nagano&
Sakaki(t)

2P(0,v) 2.94 1.34 1.35 1.77
2P(1,v) 2.63 1.14 1.51 2.33
2P(2,v) 2.55 1.22 1.70 1.86
2P(3,v) 2.25
1N(0,v) 0.76 0.34 0.43 0.49

N2+H2O

Air+H2O
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Summary of Humidity Quenching(2)
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III. Application to UHECR 
observation
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Photon Yield in atmosphere
(US standard atmosphere 1966)

)'/2931(
)(

20

0

85.0
2

pTRhdx
dE

g

N
MeV 







1020eV Proton
Nmax =0

=45

=60

300-406nm

N.Sakaki+(ICRC2011)

P’: no T independence

← 80%RH
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Effect of Error in p’H2O

2P(0,v) 2P(1,v) 2P(2,v) 2P(3,v) 1N(0,v)
Large p’ model 3 2.7 2.7 2.3 0.7
Small p’ model 1.3 1.3 1.3 1.3 0.35

300-406nm
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Humidity effect in TA atmosphere

 Fluorescence yield in TA atmosphere in July 
decreases by 3-6% compared to dry air
(Ukai, master thesis (Yamanashi U.) 2010)
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Humidity effect at Auger site

Keilhauer+ (5th AFW 2007, 
NIM A597 (2008) 99 )

20%
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Influence on reconstruction(1)

B.Keilhauer+2009(31st ICRC)
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Influence on reconstruction(2)

J. R. Vázquez+(7th AFW, 2010)
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Summary
 Parameters for humidity quenching (p’H2O) have been 

measured for 14 lines so far. But the difference among 
experiments is still large (factor ~ 2). 

should be improved!
 This difference in p’H2O causes ~10% difference in 

fluorescence yield on ground.

 Reconstructed UHECR energy  may be underestimated by 
~6%(@1019eV)  developed near ground for Auger case. Xmax 
may be shifted upward by several g/cm2.

 To be checked
Is NH2O really constant with temperature?
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Thank you!
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