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SKA observatory.
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COSMIC RAYS

Cosmic rays are highly energetic particles that travel through

universe.
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EXTENSIVE AIR SHOWERS

EAS are created when a cosmic ray interacts with an

atmospheric particle, which creates a cascade of secondary
particles.
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DOUBLE BUMPS

A spectator nucleon with a ~quarter of the primary energy
penetrates deeply into the atmosphere before it interacts.
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Double bump profiles deviate from the universal profile.



DOUBLE BUMPS AS PROBE OF HADRONIC CROSS-
SECTION

AX

P(AX) =e ™~ (1)

A is the interaction length, which depends on the hadronic
cross-section (o ~ 1/\).
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METHOD OF SIMULATION

Using CORSIKA for:
» primary particle: P, He, C, Si, Fe
> energy: 10 — 102" eV
» hadronic model: EPOS, QGSII, SIBYLL



DOUBLE BUMPS

Gaisser—Hillas function:

Xmax—Xg
X —Xp ) A
Xmax - XO

N(X) = Nimax (

Reduced Gaisser—Hillas function:

R

p (%) )

N N (1 B0t~ 1)) e (X 202) 3

RL

Uncertainties: V; = kN;/E and V; = y/>_Vi/>_N; = 0.006
Cut-off: v/V;/N; > 0.03



EXAMPLES
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WHAT IS A DOUBLE BUMP?

Method 1"

» abs(Xmax, — Xmax,) > 300

» Nmax, > 0.2 x Npmay,

» 200 < Xmax, < 2000 and 200 < Xmax, < 2000
> (AXZ)/X12bumb > 0.75

Method 2:

> AIC = 2k —2In(L) = 2k + 2
> likelihood = exp((AICmin — AIC;)/2)

TAnomalous Longitudinal Shower Profiles and Hadronic Interactions:
arXiv:1111.0504
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EXAMPLES WITH FIT
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EFFECT OF TH

Fraction of anomalous shower profiles for He primaries with QGSII
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EFFECT OF THE DOUBLE BUMP CHECK

» Amount of DB found with new method: 381

» Amount of extra DB found with new method: 277
» Amount of old DB not found with new method: 0
» Amount of DB found by both nand r: 354

» Amount of DB found by normal not reduced: 15
» Amount of DB found by reduced not normal: 12
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longitudinal development N_charged

REALLY LOW R SHOWERS
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longitudinal development N_charged

longitudinal development N_charged

SHOWERS WITH L > 270 AND R > 0.9 (TOTAL 17)
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EFFECT OF THE DOUBLE BUMP CHECK CUT-OFF

AIC of anomalous shower profiles for He primaries with QGSII
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log amount

DOUBLE BUMP DISTRIBUTION IN E AND AX

Fraction of anomalous shower profiles for He primaries with QGSII

103 4

102

1014

16 17 18 19 20

mm data 10 4
mmm AIC double
mmm double

log amount

log E O

mm data
mmm AIC double
mm double

16



Fraction in %

100

SHOWER TYPE DISTRIBUTION AX

Fraction of anomalous shower profiles for He primaries with QGSII
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SHOWER TYPE DISTRIBUTION | AX |

Fraction of anomalous shower profiles for He primaries with QGSII
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DOUBLE BUMP DISTRIBUTION IN

Fraction in %
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FUTURE PLANS

» Try to find the dominant particle.
» What kind of science can SKA do with double bumps?
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APPENDIX
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APPENDIX

Fraction of anomalous shower profiles for P primaries with QGSII
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Fraction of anomalous shower profiles for Si primaries with QGSII
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Fraction of anomalous shower profiles for Fe primaries with QGSII
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Fraction of anomalous shower profiles for Si primaries with SIBYLL
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Fraction of anomalous shower profiles for Fe primaries with SIBYLL
Normal GH Reduced GH
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Fraction of anomalous shower profiles for Fe primaries with EPOS
Normal GH Reduced GH
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Fraction of anomalous shower profiles for C primaries with QGSII
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Fraction of anomalous shower profiles for C primaries with SIBYLL
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Fraction of anomalous shower profiles for Si primaries with SIBYLL
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Fraction of anomalous shower profiles for C primaries with EPOS
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Fraction of anomalous shower profiles for Si primaries with EPOS
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Delta X
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= double bumps
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= ALC single bumps (L<220)

= AC single bumps (220<L<240)

Fraction of anomalous shower profiles for He primaries with EPOS
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== single bumps (L<220)
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= single bumps (L>240)

Delta X

= double bumps

556



Fraction in %

100

APPENDIX

= ALC single bumps (L<220)

= AC single bumps (220<L<240)

Fraction of anomalous shower profiles for C primaries with EPOS
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= single bumps (L>240)

Delta X

3241

= double bumps
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= ALC single bumps (L<220)

= AC single bumps (220<L<240)

Fraction of anomalous shower profiles for Si primaries with EPOS

= AC single bumps (L>240)

= AIC double bumps.

== single bumps (L<220)

= single bumps (220<L<240)

= single bumps (L>240)

Delta X

= double bumps
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= ALC single bumps (L<220)

= AC single bumps (220<L<240)

Fraction of anomalous shower profiles for Fe primaries with EPOS

= AC single bumps (L>240) W AIC double bumps Nl single bumps (L<220)

= single bumps (220<L<240)

= single bumps (L>240)

Delta X

240.2

= double bumps




Fraction of anomalous shower profiles for different primaries with QGSII
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Fraction of anomalous shower profiles for different primaries with SIBYLL
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