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A few trivialities first
If the flux 𝜙𝜙 of (primary) cosmic rays is isotropic, and ignoring for the moment 
the attenuation in the atmosphere, the rate for an horizontal  detector with a 
sensitive 𝐴𝐴 area  is:

𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

= 2𝜋𝜋 𝜙𝜙 𝐴𝐴 cos 𝜃𝜃 sin𝜃𝜃 𝑑𝑑𝑑𝑑

But since  cos𝜃𝜃 sin𝜃𝜃 𝑑𝑑𝑑𝑑 = −𝑑𝑑(cos2 𝜃𝜃), one should have:

𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑 𝑑𝑑(cos2 𝜃𝜃)

= constant

Hence attenuation effects should appear as departing from a constant 
"intensity" when studying it as function of cos𝜃𝜃.

Projection into
the detector plan Solid angle



Atmospheric attenuation

𝑅𝑅 + 𝑧𝑧 2 = 𝑅𝑅 + ℎ 2 + ℎ tan𝜃𝜃 2

⇒ 𝑧𝑧 +
𝑧𝑧2

2𝑅𝑅
= ℎ +

ℎ2

2𝑅𝑅 cos2 𝜃𝜃
Using  𝑧𝑧
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≪ 1 : 
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2𝑅𝑅 cos2 𝜃𝜃
With ℎ < 20 km and 𝑅𝑅 = 6378 km, the 
approximation 𝑧𝑧 ≈ ℎ can safely be used 
down to 𝜃𝜃 < 80°.
Hence 
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∞
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cos𝜃𝜃

So the attenuation effect is expected to be to first 
order a function of sec𝜃𝜃 = 1/ cos𝜃𝜃.
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Early MIT work was done at Agassiz, near MIT

First use of scintillators to measure time of arrival and 
directions

Bassi, Clark and Rossi: Phys Rev 92 441 1953

This slide and the next slides have been (shamelessly) stolen from Alan A. Watson (thanks Alan !)
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Nv = Vertical Equivalent Size

Extensive discussion about
relation of this size to Geiger 
Counter Size

This slide and the next slides have been (shamelessly) stolen from Alan A. Watson (thanks Alan !)
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Array operated at El Alto at 4200 m: forerunner of Chacaltaya project at 5000m

This slide and the next slides have been (shamelessly) stolen from Alan A. Watson (thanks Alan !)



Schematic of Constant
Intensity Cut Method

λ from slope

This slide and the next slides have been (shamelessly) stolen from Alan A. Watson (thanks Alan !)
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Haverah Park

This slide and the next slides have been (shamelessly) stolen from Alan A. Watson (thanks Alan !)
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Auger Collaboration has adopted the same approach 
except that reference angle is not vertical but 38 
degrees.

This is about the median zenith angle of the events 
on the 1500 m array.

S38 = S(1000 at 38⁰)

This slide and the next slides have been (shamelessly) stolen from Alan A. Watson (thanks Alan !)



Cronin: ~ April 2004

Re-introduction of 
Constant Intensity
Cut Method by JWC

MIT 1954

This slide and the next slides have been (shamelessly) stolen from Alan A. Watson (thanks Alan !)
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The CIC method applied to AHEAD
• With AHEAD, we are far enough from shower maximum and at "low" 

enough energy to consider that 𝑁𝑁𝑒𝑒 the shower size at the shower foot as 
measured from the LDF fit, is a reasonable estimator of the shower 
energy.

• The LDF is the lateral distribution of the particle density in each station, 
where the distance to the shower axis is used (projected in the shower 
plane).

• The LDF is fitted with a NKG type function (Nishimura, Kamata, Greisen):

𝜌𝜌 𝑟𝑟 =
𝑁𝑁𝑒𝑒𝐶𝐶𝑠𝑠
𝑟𝑟𝑚𝑚2

𝑟𝑟
𝑟𝑟𝑚𝑚

𝑠𝑠−2

1 +
𝑟𝑟
𝑟𝑟𝑚𝑚

𝑠𝑠−4.5

where 𝑠𝑠 = 1.2 is set to this fixed value, 𝑟𝑟𝑚𝑚 = 80m and the constant 
𝐶𝐶𝑠𝑠 = 0.366 × 𝑠𝑠2 × 2.07 − 𝑠𝑠 1.25 = 0.443.

The value of 𝑁𝑁𝑒𝑒 is extracted from the fit. 
• The next step is to correct for the attenuation using the CIC method…



The CIC method applied to AHEAD
• The next step is to correct for the attenuation using the CIC method:

– Plot the number of events with shower sizes < 𝑁𝑁𝑒𝑒 as a function of 𝑁𝑁𝑒𝑒 for events 
in bins of sec𝜃𝜃 of width 0.2 centered at 1.1, 1.3,1.5, 1.7 and 1.9.

– The CIC methods assume that
for a given true energy, the 

intensity (the number of events) 
is independent of the arrival 
direction i.e. a given energy 
corresponds to a horizontal 
line across the plot.

– Using that plot, it is then possible to
extrapolate from the measured 𝑁𝑁𝑒𝑒
to a standardize rescaled value 
corresponding to a vertical shower  
𝑁𝑁𝑒𝑒0° or to a 38° shower 𝑁𝑁𝑒𝑒38° (38° is used because it is corresponds to a median 
value).

– The correction formula that I propose to use is 

𝑁𝑁𝑒𝑒0° = 𝑁𝑁𝑒𝑒 𝜃𝜃 𝑒𝑒
𝑋𝑋𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣
Λ𝑎𝑎𝑎𝑎𝑎𝑎

sec 𝜃𝜃−1

This corresponds to an exponential attenuation in the atmosphere.  
– The last step relies on models and Monte-Carlo simulation to convert this 

median value to an energy in eV. We will use, for example:
𝐸𝐸 𝑒𝑒𝑒𝑒 = 2.183 × 1010 × 𝑁𝑁𝑒𝑒0°

0.9



CIC curves from AHEAD

1 ≤ sec𝜃𝜃 < 1.2

1.2 ≤ sec𝜃𝜃 < 1.4

1.4 ≤ sec𝜃𝜃 < 1.6

1.6 ≤ sec𝜃𝜃 < 1.8

1.8 ≤ sec𝜃𝜃 < 2.0

Intensity i.e. event rate

log10 𝑁𝑁𝑒𝑒

278500 events since July 2017



CIC curves from AHEAD
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Intensity i.e. event rate

log10 𝑁𝑁𝑒𝑒0°

278500 events since July 2017

Corrected with 

𝑁𝑁𝑒𝑒0° = 𝑁𝑁𝑒𝑒 𝜃𝜃 𝑒𝑒
𝑋𝑋𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣
Λ𝑎𝑎𝑎𝑎𝑎𝑎

sec 𝜃𝜃−1
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