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AV : .. M.ea'sure the particles at ground level
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Image the longitudinal dévelopment of
the shower - + ~* = ° o0
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Some Longitudinal Profiles measured with Auger

dE/dX [PeV(g/em?)]

dE/dX [PeVi(g/em?)]

Eﬂ;
50|
|
3!]5

20

/

&

/

10f/

1
1000 1200
slant depth [g/em®]

3

S

S

max ot

* HL“‘-%-_

ol

500

1000
slant depth [g/em®]

dE/dX [PeVi(g/em?)]

dE/dX [PeVi(g/em?)]

70
60
50
4[';
30
20
10

0"

1 1
600 800 1000
slant depth [g/em®]

|
400

1
600 700 800
slant depth [g/em®]



X — Depth of shower maximum

max

The atmospheric depth at which a shower reaches its maximum depends
on the energy and nuclear mass :

(X o) =a(In(E)—(In(A)))+B
The elongation rate is the rate of change per decade of energy :

_d<Xmax>N d{In(A))
D= T0etE) = (E)

)In(10)

The spread on X _  is expected to decrease with increasing A and
Increase with interaction length.



Data Selection
Atmosphere&Calibration
« Good camera calibration constants
» Measured aerosol profile
» Reject dusty periods
« Cloud fraction < 25 %

Fiducial volume

« Tank distance and zenith angle

» Field of view

e Minimum viewing angle > 20°
Quality

» Hybrid geometry reconstruction

. Xmax observed

« Expected error on Xmax < 40 g/cm?

Period :
December 2004 to March 2009

Angular resolution : 0.6°

« Reduced X? on longitudinal profile fit < 2.5 6




X — field of view cuts
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Slant depth range of X _ value
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1 Bad : undersampling of tails in distribution
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X resolution
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Resolution : 20 g/cm?

The resolution prediction on X
can be validated with stereo events .
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> as function of energy
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<X > as function of energy

max

-~ - QGSJETOM

- - -QGSJETI guo®
..... Sibyll2.1

—— EPO5v1.99

850

800

<X max> [glcm?]

150

100

650

18

10
E [eV]

With increasing energy, the showers develop earlier in the atmosphere

Suggestive of heavier nuclear composition

Physical Review Letters 104 (2010) 091101
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The RMS of the X distributions confirms the trend to heavier composition
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Composition measurements using surface detectors

Pro : Large statistics
* 100 % uptime vs. ~10% of fluorescence detectors

Con : No direct handle on shower development

Need SD variables which give handle on a shower development
* Time structure of shower front
* Azimuthal asymmetry on ground

12



Risetime

Amplitude [VEM]

Signal recorded by a surface detector tank
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Deep penetrating shower Less deep penetrating shower
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<A> : a surrogate parameter for X
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Events measured in both the surface detector and fluorescence detector can

be used to calibrate <A> with Xm . s



Composition measurements using surface detectors
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Summary

o Fluorescence detector measurements of Xma :

X
« Showers develop earlier with increasing energy
* Fluctuations decrease with energy

> Composition getting heavier

o Surface detector measurements :

« Confirm trend to earlier developing showers with
energy

17



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17

