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Principles of Shower Universality
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1. Normalized longitudinal profile of an air shower is
equivalent for each primary X' =X- X,f,,fgx
N' = N/NW

max
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2. Showers with the same shower “age” have the same
fractional rate of change with increasing depth
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Principles of Shower Universality

Objective: 1-to-1 mapping of shower particle signal & time
distribution at any known stage of the shower development
to E, XMWmax, Ry and geometry
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Previous Universality model/
reconstruction

Many detectors, many Universality models. Why?

* SSD: provides accurate indirect measurement of particle components towards
Hybrid
e MD: direct muon counting, sets minimum muon limit for WCD & SSD Universality
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Signal Model

Ansatz:

Sur= 2, S AX.E) S, L ) [, 0)

mo
comp=1,...4

® onvert Sigeas INtO Sreal
 Account for atmospheric fluctuations

e Parametrize asymmetries between upstream/
downstream particles

. L S
e Optimize parametrization to account for shower-to- R, = ”f
shower fluctuations S
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Signal Model - Validation
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Slgnal Model - Valldatlon
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Time Model

Ansatz:

dS 1 _ (ln(f—f())—m)2

— () = e

e using complete time trace to

obtain (to, m, S)

* tois used to calculate Do
(distance in km along the
shower axis from the origin of
times to Xmax/XHmax)
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Time Model - Validation
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Hybrid Universality Reconstruction
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Hybrid Reconstruction: Signal
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Hybrid Reconstruction: Time
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Hybrid Reconstruction: Time
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Hybrid Reconstruction: R,
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Hybrid Reconstruction: X ax
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Hybrid Reconstruction: X ax

Infill Standard Array
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Summary & Outlook
use Universality down to Ig(E/eV) = 17.0 +5%

Universality Model for MD +10% Cg\/‘\/e7
account for MPD
prototype hybrid reconstruction t \
Currently in Universality pipeline:
e optimizing reconstruction method...
e towards data... UNDER
CONSTRUCTION
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WHAT QUESTIONS
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Backup
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R, (WCD vs MD)
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