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Motivation
KASCADE-Grande EAS muon data

The measured muon attepuation length g 1400:— e KG data (6 = 0° - 40°)
(E ~ 10'® - 10" eV) deviates from MC =2 -
predictions. = 1200( T
NIJ — Npo e-(Xo SecB/A\p) 10001
(J.C. Arteaga, KASCADE- 800
Grande Coll., ICRC2015) ][ T
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[ log, NG = 6.55 - 6.80 A 6 =[0.00, 16.71)°
i . KG data
i — QGSJET-II-02
1 ... MC Heavy == EPOS LHC
£ PN - - QGSJET-II-04
C N
\g i
e
- MC Light
107 =
T A TN TR SR TR NN SO SN M NN N
200 300 400 Muon Ew > 230 MeV x Sec6
r [m]

Muon densities at KASCADE - J.C. Arteaga CRIS 2016, Ischia 3



Motivation

New questions arise

In KASCADE-Grande is possible to separate
EAS data into a light/heavy mass group
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Exploit Nch-Np correlation

. Is the A, deviation also observed for

the light and heavy mass groups?

. Is the evolution of the mean muon

densities in the atmosphere for both
mass groups still contained by MC
predictions?

For which mass group are the MC
predictions in better agreement with the
data?
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Objectives

1. Test post-LHC hadronic interaction models
-> Use zenith-angle evolution of the local muon densities of
EAS for light/heavy mass groups.

2. To provide new EAS results, complementary to that from accelerators
-> They might help to improve high-energy hadronic
interaction models.

(CMS event, May 27, 2012,
CMS Coll.)

(Grande event, July 8, 2005,
KASCADE-Grande Coll.)
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The KASCADE-Grande detector

December 2003 - November 2012 E=10"-10"8 eV
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The KASCADE experiment




The KASCADE experiment / ‘erlsruhe Shower (Core and firray I \

Scintillator detectors

| | Electrons™(>6MeV) and
*{| muons (> 230 MeV)

Pb/Fe shielding U detector :



The KASCADE experiment
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Unfolding of spectra of elemental mass
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The KASCADE-Grande detector

Grande array




The KASCADE-Grande detector / G \

Grande array

Scintillator detectors
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The KASCADE-Grande detector
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Data & simulations

Experimental data
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MC data (CORSIKA/Fluka)

1. HE Models: QGSJET-II-02
QGSJET-II-04
EPOS-LHC

2. Simulation: H, He, C, Si, Fe, mixed;
=-3

3. Systematics:
- ANch <12% AN, < 20%
-AB <0.6°
- Ocore <10 m

Muon densities at KASCADE - J.C. Arteaga

Data & simulations

~ Ny data corrected for
- systematic errors
B AN“corrected < 10%
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- MC:H/Fe (Various models)

MC:Mixed (Various models)
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Data & simulations
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The Analysis

1. EAS observables: 6, Ncn, Ny, py

2. Correct Nchand N, for atmospheric attenuation: Use Constant Intensity Cut
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The Analysis

Correct for attenuation effects in atmosphere

;5 8: Attenuati0|§| curves KG data (N_) g: :: Attenuatioﬁi curves KG data (N )
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Shower sizes corrected event-by-event -> find values @ 6%'Cef = 22°
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The Analysis

Attenuation lengths
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The Analysis

3. Separation of data in electron-poor and electron-rich samples: Exploit Nch-N,,
correlation.

— 0.92
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Results

4. Compare py(r) data for each mass group with MC: Different zenith and Nch

intervals
— IncreaSing -
shower size Vertical
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QGSJET-II-02 do not bracket all the measured local muon densities
for the heavy and light mass groups along CIC curves
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5. Calculate mean truncated N
attenuation

NtrH — Nutr,o e-(Xo SecbB/Ap)

Results
(r = 200 - 400 m) from LDF & study

- Dependence with zenith angle
- For the same NcnC'C interval
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tr
log, ,(N")

_ m —— M

log NC'“=6.55-6.80
10 ch
® Exp.(Heavy)
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O Exp.(Light)
0 MC H (Light)

1 1.05
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Results

Discrepancy between MC and experiment is
observed for both mass groups

NtrH — Nutr,o e-(Xo SecbB/Ap) | — : e
o QGSJET-1I-02 log, Noy =7.04-7.28
~o ® Exp.(Heavy)
g” B MC Fe (Heavy)
= 10° ¢ Exp.(Light)

[0 MC H (Light)

- — —8 -

105 —I | 1 | l | | 1 | | | | | I | 1 | I 1 1 I | 1
1 1.05 1.1 1.15 1.2 1.25
Sec(0)
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Results

Is A\, the same for each mass group?

Ntr“ — N“tr,o e-(Xo SecbB/Ap)

tr
.
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Data for log1o Nch = [7.04, 7.28]

MC
KG Data
Heavy A,=997+73g/cm? /A,=618 +62 g/cm?
Light NAy=794 + 129 g/cm? A, =383 + 30 g/cm?
/\“Heavy > /\“Light
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Results

Is there a dependence of A, in the local muon data with the EAS size?

NtrlJ — N”tr,o e-(Xo SecB/Ap)

KG Data
log1o Nch Heavy*
[6.55, 6.80] Ay =841 £ 27 g/lcm?
[6.80, 7.04] Ay =890 + 42 g/cm?
[7.04, 7.28] Ny =997 + 73 g/cm?

Possible increase of attenuation length
of the heavy component with the EAS
size

*Separation based on QGSJET-11-02
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Results

Is the deviation different for each mass group?
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Deviations are not the same for
each mass group
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Results

What about the post-LHC models?

= QGSJET-II-04 log NG =7.04-7.28
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Results

What about the post-LHC models?
QGSJET-II-04

10°

Model does not bracket all the
local muon data
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\ Smaller deviation appears

for the light component
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Results

What about the post-LHC models?
EPOS-LHC

10°

Model does not bracket all local
muon data at E ~ 1016 eV

- EPOS-LHC
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Results

What about the post-LHC models?
EPOS-LHC

Model brackets data at E ~ 1017 eV

£ | EPOS-LHC log,, NG =7.04-7.28
~o - ® Exp.(Heavy)
Model does not bracket all local g:" m MC Fe (Heavy)
muon data at E ~ 1076 eV = O Exp.(Light)
106__ [ MC H (Light)
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Summary

1. The attenuation lengths of the heavy and light mass groups for the
local muon data are larger than the corresponding predictions of
QGSJET-II-02, QGSJET-II-04 and EPOS-LHC.

2. The local pyu(r) distributions for the light and heavy mass groups that
are measured along CIC curves are not completely contained by

model expectations.

3. In general, A, for the heavy component is larger than that for the
light mass group at the same EAS size.

4. Deviations between data and MC at the same shower number are
different for each mass group.

Muon densities at KASCADE - J.C. Arteaga CRIS 2016, Ischia
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Thank you!
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