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- Particle density: 1D lateral distribution
— shower size, core position

- Arrival times: Spherical shower front
— shower axis

* Fit parameters are connected
only indirectly to mass and
properties of UHE interactions,
e.g. Rise-time, curvature, LDF slope
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Proton
Longitudinal profiles
depend on

*Energy E

* Distance to Xmax: AX
but not on mass
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Energy deposit
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Top of the atmosphere
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Relative signal contribution of individual components
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hadron jet
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Four-component universality model
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» Time-dependent detector response
modeled by log-normal distribution
(for each signal component)

- Start time fo given by first S
interaction Xo -
(spherical front) o

o

» Time shape (mean/spread) iﬁ)
depends on AX and ;
position in shower plane: >

S(t) =1(t, b, DX, r, )

 Time structure I1s universal
(no dependence on Ny)

Example: e/ly component
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Parameters m and s depend on

*Energy E

 Distance to Xmax: AX

« Core distance r

» Shower geometry 6, ¢

No energy, AX nor core distance

dependent bias apparent
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Validation of the time model
Time quantiles for muons
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Parameterizations used in a
likelihood procedure

- Signal size S

- Start time 0

*Shape m, s

as a function of

*Energy E

- Relative muon number N et
 Distance to Xmax: AX

» Shower geometry 6, ¢
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Colored bands indicate corrections
for up- and downstream asymmetry,
e.g. different AX, ground screening,
detector response
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- Signals and time structure well | e

described by shower universality 107 :
- Few parameters: Ny, E, Xmax, Xo (+geometry) § | ‘
* Reconstruction using ? 10

only the time-dependent signal f

of ground based detectors o] B ™ il
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Outlook v 100 i
- Composition sensitive parameters at 100% duty cycle o0

* Mass composition at the highest energies
» Mass-dependent search for correlations to astrophysical sources
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» Applicable to other surface detector arrays 2 0] ¢ . i : ,
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Energy Deposit [GeV cm“/g]
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Muons

Depth [g/cm?]

Xmax IS dominated by first interaction
Muons are produced late in the shower cascade
* Number of generations ~6 at 1019 eV
» Amplified sensitivity to hadronic interactions
|18

R. Ulrich APS 2010

0

200 400 600 800 1000 1200 1400 1600 1800 2000 2200

— Proton, 10'%eV
— 100 Highest Energy Interactions

— Individual Sub-Showers

- = = = -
=  — =

— e~ o~ -
-
———— . R e e e o

___________

e - T, - = = e — T LT = —
'Ei’;-;‘;-‘.-#:‘-.?-w—'» =".—‘.—l'-_a;e-=-_im-h-— ey .:-:<E1,_-_:_‘—=‘—____ — s - = Q = ~—y

= ::..:5=- I e ‘-:‘:s— __;._" - fired m S — |
A AR B R i et e i RS R S S s =R AP a e G | ]

b

Depth [g/cm?]

May allow to disentangle particle physics
and composition using hybrid events
(coincident measurement of SD and FD)



