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Reminder: σ(p+ air) fromXmax
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Figure 2.27: Principle of the Xmax-distribution decomposition method. The Xmax-distribution results
from the convolution of the distributions of X1 and ∆X1, where ∆X1 = Xmax − X1.

kX = Λobs/λp−air. The found dependence of kX on a changing multiplicity as well as cross sec-

tion has never been taken into account by any air shower based cross section measurement.

Xmax-RMS method. For a short time it was believed that the proton-air cross section can be

obtained just from the measurement of Xmax-fluctuations [115, 116]. In fact, the fluctuations

are depending on the cross section, but nowadays it is well known that the RMS of the Xmax-

distribution does mostly reflect the primary composition of cosmic rays. As a matter of fact,

it is the best handle we currently have to learn about the primary mass composition. Only

the extremely doubtful assumption of a pure proton cosmic ray composition may allow a

measurement of the cross section this way.

Unfolding of the Xmax-distribution. A real improvement of the cross section measure-

ment techniques was proposed by taking the air shower fluctuations more explicity into

account [109]. This allows us to use not only the slope but more of the shape of the Xmax-

distribution, by at the same time restricting the analysis to a range in Xmax, where the pos-

sible contribution from primaries other than protons is minimal. The ansatz unfolds the

measured Xmax-distribution (2.14), by using a given ∆X1-distribution to retrieve the original

X1-distribution (see Figure 2.27). The HiRes Collaboration claimed model independence of

the used ∆X1-distribution, leading to a model independent result for the cross section.

Indeed, this would have been a major step forward, since all the previous techniques

are heavily depending on air shower Monte Carlo simulations and are therefore implicitly

model dependent. Of course also the ∆X1-distribution can not be accessed by observations,

but has to be inferred entirely from simulations. Recently this triggered a discussion about

the general shape and model dependence of the ∆X1-distribution [117]. Ultimately this in-

troduces a comparable amount of model dependence, as in the k-factor techniques (see Fig-

ure 2.28, left). This is a natural consequence of the fact that all air shower based analysis

techniques are based on expression (2.14) in one or the other way.

Figure 2.28 (left) visualizes the dependence of the ∆X1-distribution on hadronic inter-

action models. The ∆X1-distribution, which mostly reflects the shower startup phase, is

strongly depending on the parameters of the hadronic interaction models, like the cross

33

Xmax distribution first interaction shower development

simulated proton-induced air showers
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Reminder: σ(p+ air) fromXmax
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Are there UHE protons?
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UHE Composition Scenarios

• CMB acts as natural He filter (major background for σp−air)
• UHE proton fractions≲25% not excluded (E > 40 EeV)
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POEMMA Sensitivity

• N = 1400 events E > 40 EeV
(Auger energy scale)

• relative statistical uncertainty of Λη:

σΛ/Λ = (ηN)−
1
2

→ relative statistical uncertainty of σp−air

• two choices of η depending on UHE
composition:

• if p:N = 1:9→ η = 0.02
• if p:Si = 1:3→ η = 0.13
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POEMMA Sensitivity
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