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Interpretation of Cosmic Rays
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for description of spectra, mass composition, sources, transition.

Dip model (transition at the second knee F;, ~ (5 — 7) x 1017 eV).

Ankle models (transition at ankle E;. ~ (0.3 — 1.0) x 10'? eV).

Mixed composition models (arbitrary transition).

Models based on Auger mass composition.
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Interpretation of Cosmic Rays
- scaling of the absolute energy -

direct data of the experiments

re-scaled data

r o . T Ty ———rrrry ———rrrr
10 * | 107 | 7
vv i
Vv | "
- Yvv'y | Ll j; . |
@ 10000Eo MAAL VIY-V* I j \Wy !
- 0o EEg LW s
n I#’@Ooo [;I#H#'q]#‘ ...!‘_* Jf oo 5)% !T
o “Poo_ o002 | i‘*ﬁ i
S " Oagofﬂuk‘_. Liollle POV AVW |
= 10%F AAAAA | Al 102 F ) -
) ! . [ 4 i
Ao ®
m , . o) of 4
4 e o HiRes|-HiRes Il
W o w Akeno-AGASA 1
=
v v Yakutsk
A » Auger(comb) - Auger(hybr)
10% 17 ...|1 — .....|1 — ”2 10% m'ﬂ l1 1I1 llz
10 10" 10" 10% 10 10" 10" 10%°
E ! eV Prog. Part. Nucl. Phys. 63 (2009) 293 E ’ eV
3 B. Keilhauer AtmoHEAD 2013 10. June 2013



Interpretation of Cosmic Rays
- determination of the composition -

M. Unger, UHECR2012
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Detection Principles

Emission of
isotropic Fluorescence-
and forward-beamed
Cherenkov-light

Air shower

Shower axis |
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A.N. Bunner, PhD thesis, Cornell, 1967
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Fluorescence Light Production

= excitation of nitrogen in air because of energy deposit from EAS
= spontaneous de-excitation — fluorescence light

= atmosphere dependence because of quenching
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Formulas for a Fluorescence Description

Po

p;ir()\a TO)
p

H (T
plir(A, To) - \/%; : Hi((jg))

1+
Your (X, T) = Youu( 33T 1, wo, Tiy) ~ InlPo; o) -

L4
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Formulas for a Fluorescence Description

Po
1+
pi}.ir ()\ TO)
p

Hx(T
Plin(A To) - \/ jz; ' H};\((j?))

Yaurl A, T} :[3@.11'(337 nm, po. To)]' Ix(po,To) -

L4

a) absolute yield value of a reference transmission:

fluorescence yield in photons emitted per MeV of energy
deposited at given experimental conditions p, and T,
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Formulas for a Fluorescence Description
Po
pi}.ir()\? TO)
D

Hx(T
Plin(A To) - \/ jz; ' H};\((j?))

L=

Yair (A9, T') = Xore( 337 imn, P, Ty ) [IA (po, TO)].

L4

a) absolute yield value of a reference transmission
b) wavelengths-dependent spectrum:

ratio of individual transitions of the spectrum between about
280 and 430 nm to the strength of the transitions at 337.1 nm
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Formulas for a Fluorescence Description
Po
}/a.ir()\,pgT) — }/;111(337 nin, pPo, To) . I)\ (p01 TO) . paif(;\’ TO
1+

H(T
[pitir()\? To)]- \/T?o S (( 19))

a) absolute yield value of a reference transmission
b) wavelengths-dependent spectrum
c) pressure dependence in dry air:

characteristic pressure of dry air at experimental conditions T,
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Formulas for a Fluorescence Description
Po
pi}.ir()\? TO)
D

/ H ) (T

L=

Yoir (A9, T) = Yare( 337 11t Bo, T ) -~ In(bos To) -
1+

a) absolute yield value of a reference transmission
b) wavelengths-dependent spectrum

c) pressure dependence in dry air

d) humidity quenching: ,1 y /1 (1_@>+ ,1 Dh
Paiy Daiy p pHZQ p

P'h20(A, Ty) - characteristic pressure of water vapor at
experimental conditions T,
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Formulas for a Fluorescence Description

T L (A, 7o)
Yair (A, p, T) = Yoir (337 nm, po, To) - Ix(po, To) - Dair p? 0

L4

PN To) -\ 3 {
a) absolute yield value of a reference transmission

b) wavelengths-dependent spectrum

c) pressure dependence in dry air

d) humidity quenching

ax
e) temperature-dependent collisional cross sections: H)‘(T) — (2)
H)\(TO) 1o

a,- exponent of the power law describing the T-dependent collisional
cross sections for each A
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Formulas for a Fluorescence Description

Po

T L (A, 7o)
}/a'if(Aﬂpﬁ T) = Kﬂl(gg? nin, pPo, TO) . I)\ (T)O' TO) - Ia,ir p 0

4 / H\ (To)
BoankAs Tor) ~ '12; ' H};\(T(‘J)

a) absolute yield value of a reference transmission
b) wavelengths-dependent spectrum

c) pressure dependence in dry air
Non-radiative de-

d) humidity quenching > excitation of excited
nitrogen molecules

e) temperature-dependent collisional cross sections ) = only 1 value for
each band system
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Strategy

1. Describing the spectrum and the dependences on atmospheric
conditions:

b) wavelengths-dependent spectrum
c) pressure dependence in dry air
d) humidity quenching

e) temperature-dependent collisional cross sections

common altitude-dependent shape
requires adequate knowledge of atmospheric profiles

J

2. Finding the absolute scaling:

= direct shift of reconstructed primary E of air showers

B. Keilhauer AtmoHEAD 2013
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Suggested Reference Fluorescence Description

- spectral intensities -

spectral intensities |, as measured by AIRFLY; 34 transitions between 296 and 428 nm

100 Bl AIRFLY

> © FLASH

:m 0 Nagano et al.
< 80 2 % Ulrich et al.

+ Gilmore et al.

The sum of the yield

differs by 60
-1.66% (Ulrich et al.),
+2.08% (Nagano et al.),
-1.70% (FLASH). 40
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Suggested Reference Fluorescence Description
- pressure dependence-

p‘air :
— one value for each band system;
— weighted averages for 2P(0,x), (1,x), (2,x), (3,x), 1N (0,x), (1,x),
GH (0,x) derived from AIRFLY measurements;

— for weak transitions, as 2P(4,x), further GH, estimates from their publicatation

SYStelTl band A ]{1 /]337 p;ir
(nm) (%) (hPa)

N, 2P 00 337.1 100

0-1 3577 674+24
0-2 3805 272+1.0
0-3 405.0 8.07+0.29

15.83 £ 0.80
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Suggested Reference Fluorescence Description
- humidity dependence-

P'hoo:
— one value for each band system;

— weighted averages for 2P (0,x), (1,x), (2,x), 1N (0,x) derived from Sakaki et al.
measurements using the photon yield and the lifetime technique

— for weak transitions of 2P(3,x) and 2P(4,x) use weighted average of p‘y,o of 2P
(1,x) and (2,x) bands (4.8% of the total emission at p,, T,)

— for all others set to Zero (2.1% of the total emission at p,, T,)

system band A 12/ 1337 Pic Pu,o
(nm) (%) (hPa) (hPa)
N, 2P 0-0 337.1 100

0-1 3577 674+24
0-2 3805 272+1.0
0-3 405.0 8.07+0.29

15.83 £ 0.80 1.46 £ 0.05
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Systematic study from Sakaki et al.

- humidity dependence-

N. Sakaki, BAFW 2011
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Suggested Reference Fluorescence Description
- temp.-dep. collisional cross sections -

a-coefficient :
— one value for each band system;

— weighted average for 2P(0,x) and 1N(0,x) derived from AIRFLY measurements

— for weak transitions of 2P(3,x) and 2P(4,x) use weighted average of p',,5 of 2P
(1,x) and (2,x) bands (4.8% of the total emission at p,, T;)

— for all others set to Zero (2.1% of the total emission at p,, T;)

system  band A 1,/1537 P Py 0%
(nm) (%) (hPa) (hPa)
N>,2P  0-0 337.1 100

0-1 3577 674+24
0-2 3805 272+1.0
0-3 405.0 8.07+0.29

15.83 £ 0.80 1.46 £ 0.05 -0.35 £ 0.08
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system band A 1,/1:37 p;ir P’Hﬂo a
(nm) (%) (hPa) (hPa)
;2P 00 3371 T00
0-1 3577 67424
O el SIAEY 1583080 146£005 035008
0-3 4050 8.07+ 029
10 3159 393+14
-1 3339 4.02+0.18
2 3537 21.350.76 |
) 0?2
Rl A 12032066 190£0.08 020 0.08
4 3998 838+029
5 4270 7.08+0.28
220 2977 2.77+0.13
21 3136 11.05%0.41
22 3309 2.15+0.12
23 3500 279+011 1312071  1.80+014  -0.17+0.08
24 3711 497+022
2-5 3943 3.36+0.15
2.6 4200 1.75+0.10
341 2962  5.16+029
32 3117 724+027
33 3285 380+014 1988+086 18402  -0.19+0.08
3-5 3672  0.54+ 004
37 4141 049+ 0.07
44 3268  0.80+ 0.08
gl o e 19+ 5.0 18402  -0.19+0.08
N IN 00 3914 28010
2 o] drs doasolp  294%033 0474002  -0.76x0.08
-1 3885 0.83 <004
12 4236 104z011 92+032 0 0
N,GH 0-4 3463 1.74+0.11
0-5 3661 113+008  7.98 +0.56 0 0
0-6 3877 1.17+0.06
52 3080 144010 21100 0 0
62 3020 041006
63 3176 046006 21+100 4 ¢

Parameter Set for the

Reference
Fluorescence
Description

B. Keilhauer et al., proc. UHECR 2012
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,academic* fluorescence yield
- variations of p‘, 50 -
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B. Keilhauer

,academic” fluorescence yield
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- variations of «a -
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T-dep. of vapor quenching
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B. Keilhauer et al., proc. UHECR 2012
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entries
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Application to air shower reconstruction
- same absolute scaling, Auger reconstruction framework -
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Systematics in air shower reconstruction
- same absolute scaling, Auger reconstruction framework -
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Systematics in air shower reconstruction
- same absolute scaling, Auger reconstruction framework -
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AEJ(E)
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Systematics in air shower reconstruction
- same absolute scaling, Auger reconstruction framework -
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Application to air shower reconstruction
- different absolute scaling -
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B.

Influence of atmospheric profiles
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Conclusion

» a reference fluorescence description has been developed
« all known atmospheric effects are implemented

« application to air shower reconstructions are done for Auger and TA,
but not used in the official experiments’ reconstructions yet

» first details are published in the proc. of || UHECR2012

» more in the proc. of ICRC 2013
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