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e What does a 10?%eV shower look like?
e What happens in practice?

e What are the sources of error in the energy measure-
ment”?

e The details ... a few (selected) examples
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Figure 9.10. BigH event recorded on 02
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Table 4.2: Estimated systematic uncertainties of energy measurement

Item v Error Comments
Number of photoelectrons NP¢ 5%
Fluorescence yield €f1 10% inc. pressure uncert.
Distance to shower R 5% error in R?
Detection efficiency €det 10% 5% for mirror, 5% for filter,
8% for PMT, 3% for obscuration.
Energy loss rate €dep 5%
Atmospheric correction Tr, Tray 10%
Missing energy cotrection  Eprimary/E 5% the primary particle mass dependences
TOTAL 20% quadratic sum of all




Seurces of error in Energy
Measurement

Error | Size
Fluoresecence Yield | 10%
"-3’-'.,.f-tmosnhere(-f;fe;msols) | | 525% ¥
'.mics (samplmg fraction) | 10%
| Calibration( absolute) | 10%
|Geometry (stereo) % |
_Cahbr’atmn(relatwe‘) , % . *T
Photo-statistics . 5% ‘
-"g,slrmr reﬂectwmf 5% =74
Missing Eﬂergy 2% )
UV filter | 2% =
Atmesphere(m&lew!ar} | 2%

=5 Total Systematic Uncertainty in Energy ~ 21%
=> Can provide a more solid lower limit on
energy.. Examples -

=D Assume that sigma in charge distribution is totally
due to photo-electron statistics...

= Assume no attenuation in atmosphere..
| /mmmce_ Wmm o
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Table 9. 10. Reconstructed energies for seven highest energy events assuming
three different aerosol concentrations specified by the value of the aerosol horizonta

extinction length. 4( ”’}QWM" * u WW oy Y
[event | E[EeV]: Ly = 12km [ E[EeV]: Ly = 15km | E[EeV]: Ly = oo |
1 170.2 1370 . 59.3
2 129.8 100.7 434
3 1111 111.5 , 72.8
4 108.6 95.2 55.4
5- 109.5 105.7 68.6
6 280.6 261.1 163.4
7 101.5 88.2 . 47.0
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- 2. Fluorescence Technique
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\( View 300~ 400rem om ElySs Eye )

o~,005% of collisional dE/dz in air appears in atr fluores-
cence: |
1. 50 keV electrons — G. Davidson and R.O’Neil, J. Chem.
Phys. 41, 3046 (1964)
2.4 MeV a’s — AN. Bunner, Ph.D. Thesis, Cornell U.
(1964)C°

3.1.4 to 1000 MeV: electrons — F'. Kakimoto, et al, N.LLM.
A372, 527 (1996)
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Nitrogen Fluorescence Spectrum
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2. Fluorescence Uncertainties

K R 2 3 4
10 Ty 11010 10
f-\10‘} T ; T T T d 5 ~
E b\ : 1 E
@ 87 . : : o
£ : : 1] o
L I
o . - : ©
£ . . : ] =
a7 ] : : : ; 1l =
k] \ 3
o 6 ; : : 43 o
o ‘: § ]
® 5 A , - : :
o . Q 1
£, - ) : 0. ]
@ - =
(7] >
o 3 . o= A
P . H H
o : : ]
2 2 . ..T e vmaenn ' ' 1
= '
i b S -
0 ] PO R l l ! u_m:. o]
-2 =i 3 4
00 10 1 10 10° 10" 10
energy(hMeV)
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e air fluorescence yield:

1.

v2.

V3

. New fluorescence yield changes E

Fly’s Eye quoted +20% systema,tlc uncertamty in fluo-
rescence yield

Latest laboratory calibration [F. Kakimoto, et a,l]:
— includes a range of electron energies and air pressures

—includes Fly’s Eye broad band filter
% statistical errors of 3% and systematic errors of 10%

Fly' sEye < 9%,

shower

— E.C. Loh and H.Y. Dai, Tokyo C.R.C. (1996)
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New Mexico Center for Particle Physics — HiRes-98-XXX 12
UV Transmission versus Distance
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Fig. 2a: Transmission factor,iT’" for Rayleigh scattering in the (molecular) atmosphere.
Curves are shown for HiRes viewing angles from 3° ~ 31° to the horizon.
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2b: Transmission factor,@ for Mie scattering on the aerosols in the atmosphere. The
aerosols are described by a.(horizontal) attenuatjon length A®(350nm) = 12,383m
and an exponential scale heighit, h, = 1200m ;4]. Curves are shown for HiRes
viewing angles from 3° ~ 31° to the horizon.
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a.nd an exponentlal scale h@ght b m [34). Curves are shown for Hfoes
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Fig. 3b’: Transmission factor, T, for Mie scattering on the aerosols in the atmosphere. The
aerosols are described by an exponential scale height, h, = 1800m [3].
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(shon dasked lime) and an average of the two(solid line).- For comparison, Linsley’s function is also

.
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FIG. 4: Comparison between the data and test functions. Circles refer to data. The solid
line refers to the G-H function, the dotted line to the Greisen function, the dashed line to
the Gaussian function and the dash-dotted line to the newly proposed symmetrical Gaussian

function of the shower age.
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