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The text for today’s sermon

“Theories crumble but good observations never fade”

Harlow Shapley (Mount Wilson and Harvard Observatory astronomer)

Clearly, if there are good data from historic projects, it is 

common sense to try to exploit them – economics, timescale…….
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Guidance from Andreas:

“One goal of the workshop is to discuss if the limitations in 

understanding the composition and origin of cosmic rays is 

mainly coming from the measurements, the astrophysical models, 

or from the hadronic interaction models. 

Therefore, concentrate on the systematics of your results.”  

I’m sure this applies to modellers and experimentalists

In my view, systematic uncertainties in hadronic models are

fundamentally unknowable - in the absence of machine results –

so they will often dominate.  Thus test models against as wide

a range of data as possible.
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Successes:

1. Use of Haverah Park data to set upper limits on photon fluxes 

above 1019 eV

Work, jointly with the Santiago de Compostela group, began as an 

effort to understand the backgrounds against which we had to search 

for neutrino signals 

Led to development of methods to analyse very inclined events now used 

at Auger and to important photon limits
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Successes:

2. Use of Haverah Park measurement on lateral distribution to 

make mass estimates from 2 x 1017 to 3 x 1018 eV
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[5] Gaisser et al Rev Mod Phys 1978

- the days of Feynman scaling!
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Slope parameter defined by ρ(r) = kr (η + r/4000)
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QGSJET98
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935

Fraction of protons doesn’t 

depend on zenith angle

Analysis made using QGSJET98
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Not so successful – data not archived



13

366 events for which LDF had been found with high 

precision - but energies not known for each event
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The Muon Problem

Predictions from models, with p – Fe composition, are unable 

to match observed density of muons in Auger studies – though 

the introduction of the ρ does seem to help

Too few muons are/were predicted: e.g. in very inclined showers

Worth testing these using other data:

Different methods of measurement

Different energies of primaries

Different altitudes

Data from Akeno/AGASA and Haverah Park may be useful here
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Hayashida et al. J Phys G 21 1101- 1119 1995: a very detailed paper

Depth = 920 g cm-2  : Cannot, of course, use Auger simulations at 18º
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Akeno/AGASA muon data: 

Proportional counters under concrete

• (on-off) density from number of counters 

• analogue density from calibration with vertical muon (Landau 

tail, factor of 1.6 beyond 10 m) 
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N increasing in 

steps of 100.25

θ < 25°

Eμ> 1 GeV
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θ < 34°

Potential gold mine?

- but uncertainty about density of concrete



20

Turver et al. (Durham) Muon measurements at Haverah Park

Area = 1.8 m2 Field = 14.6 kG

Maximum Detectable Momentum = 150 GeV/c

60 cm thickness of Fe from 46 plates
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K E Turver: Review article 1970

Muon LDF above 1 GeV

Important data set
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Measurements by Nottingham group

at Haverah Park of muons in detectors

shielded by lead – so threshold well-defined

and adjacent to water-Cherenkov detectors

Wide variety of measurements of μ/Ch ratio

as function of angle, distance and energy
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Yakutsk have extensive data on muons and Cherenkov light

but I don’t know of a description of these data that is of the 

quality of the description of the Akeno muon data, for example

It would really be necessary to work closely with Yakutsk people

- really unsure of status of that collaboration now

Petrov et al. [257], The Hague ICRC 2015



24

Risetime Measurements at Haverah Park on 34 m2
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70 ± 5 g cm-2
40 ± 20 g cm-2

4 EeV

13 000 signals in ~ 7000 events 35 events

From model-independent analytical analysis based on Linsley’s classic

1977 papers on Elongation Rate (Plovidiv ICRC 1977)
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Extension to fluctuations (Walker and Watson 1982):
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Gaisser and Yodh Ann Rev NS1980
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Conclusions:-

• Use Akeno data to explore muon anomaly 

– but density of concrete?

• Also use Haverah Park muon data

LDF > 1 GeV 

μ/Cherenkov ratio as function of angle, distance and energy

Momentum spectrum for guidance in comparisons

• Use HP LDF data to improve mass measurements 

for 0.2 EeV < E < 2 EeV

• Learn more about Yakutsk data: can it be exploited?

• Use Haverah Park risetime data to test models 
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Back Up Slides
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Linsley (1977), discussion of properties of elongation rate

or

=

= (1.4 ± 0.2)

This was major source of systematic uncertainty

Strong experimental evidence for F=1 from zenith dependence of
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Zenith angle in intervals

of Δsec θ = 0.1



Haverah Park (1967 – 1987)– some data may still be 

useful – and there have been some successes with these
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