Sensitivity of KASCADE-Grande data
to hadronic interaction models

KASCADE results:
e Tests of hadron interaction models
« Energy spectrum with QGSJET, SIBYLL, EPOS

KASCADE-Grande:

 Muon density investigations
o Comparison of QGSJET-1I-2 and EPOS 1.99

Donghwa Kang
Karlsruhe Institute of Technology
N\ for the KASCADE-Grande Collaboration

Karlsruhe Institute of Technology ISVHECRI, 28 June — 2 JU|y 2010, Fermilab



Motivation for measurement of 10 1°to 1018eV
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KASCADE-Grande experiment
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 Total effective area: 0.5 km?2

e Large array of 37 stations
with an average spacing of 137m

e Each station has a plastic
scintillation detector of 10 m?

18 trigger clusters (0.5Hz)
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Grande detectors are sensitive to all
charged particles, while KASCADE detector
measure e/ yand g4 components separately.



Hadrons In air shower cores:
Test of hadronic interaction models

KASCADE observables per individual EAS:

From detector arrary: general shower paramters

From hadron calorimeter:

* Number of reconstructed hadrons (E;, > 100GeV): N,
» Sum of reconstructed hadronic energy >E, measurement
» Energy of leading hadron E,m& > >

measurement
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KASCADE: Test of EPOS 1.61 with hadrons

- E,>100 GeV

N .,‘-’ '''' TI-=—

B ) JETT 2. Ej—._.f._m ______ J:.j ........ @ =

__Er’ i

R Vg 4 _

E * i?f' ________ jm‘\?x- _____ i\? * )

- S

BN | B

- . *

B i - *

B .‘-".\ /'/-- ,"’A‘

- . | K

— ‘-.‘_'“\_.),,-" *

B k% p Fe

- g% EPOS 1.61 (FLUKA)

— ~{3---- QGSJET 01 (FLUKA)

__II [ ‘ 1111 ‘ L1 1 | 1111 | 1111 | 1111 | L 11 | L1l | 111

3 325 35 375 4 425 45 475 5 525

tr,

Ig(N,)

-0.05

-0.1

-0.15

-0.2

-0.25

-0.3

- E,>100 GeV

:— ,I:.:I:-""ﬁ ___________ _

=Ll i 0

e n S N -.

Ei EE" D ...........

P

el C PR T

B | Ry S it T

5 L T . B

C T mo_ T

C * ek ﬁ n

3 | X

u B T SO

C : . *

C p Fe * :

- ~-g--- % EPOS 1.61 (FLUKA)

- ~{F-— - QGSJET 01 (FLUKA)

:\ | ‘ L 111 | L1 | [ | L1l | [ | [ | [ | | ‘ L 111

0O 025 05 0756 1 125 15 175 2 225 25
I9(N,,)

» The predicted hadronic energy sum, relative to the measured
values, is plotted as function of the number of reconstructed hadrons.

« EPOS 1.61 delivers not enough hadronic energy to the observation
level and the energy per hadron seems to be too small.

J. Phys. G: Nucl. Part. Phys. (2009) 035201



KASCADE
Shower observable correlations: model tests

QGSJET 98
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« EPOS 1.6 is not compatible with KASCADE measurements
 QGSJET-II has some deficiencies
« QGSJET 01 and SIBYLL 2.1 still most compatible models

New models are welcome for cross - tests with KASCADE data



KASCADE results
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'“_' B - B sumofall @ Erc:ton
- B ' ) ium
& - '..'.l.. *caarbuon
F'U,, . @B ‘:fzf.ilicon
; ‘“?‘fiiifi*m;;?zf "’““é
E [¥YVe; “Emenil; '%
= it
B 'lfé-rr@ri Al "::‘ T
%m‘:— T i I A J *

| ...i.ill . T A 31

10° 10 0"

primary energy E , [GeV ]

Searched: energy and mass of the cosmic ray particles

LF

flux (E,) - E 2] ]:mi st Vs Gay ;.5]

QGSJET-01
L W sumofall ® proton
s A helium
_....II.. *c:rbon
Irasaga, . ™ G
o’} A %agd
El-'lg _I +l
- + 4 i T - |
[ L EB E{li I f";
1 . % LTT1]¢
2| ¥ ;% { [ &i I.“
10 & 1 L
_+,§. T 1 |
:li . ¥ .T. oy .é.l . ‘l i ik 4 |

10 10’ 10°

Given: N, and N, for each single event - solve the inverse problem
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» Kernel function obtained by Monte Carlo simulations (CORSIKA)
» Contains: shower fluctuations, efficiencies, reconstruction resolution

primary energy E . [GeV ]

Same unfolding but based on two
different interaction models:
SIBYLL 2.1 and QGSJET-01
(both with GHEISHA 2002) all
embedded in CORSIKA



KASCADE: sensitivity to EPOS 1.99
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» Unfolding based on EPOS and FLUKA

* light (helium + proton) dominant
(Proton dominant for EPOS 1.61)

» Knee caused by light elements

M. Finger
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KASCADE-Grande:

Muon density investigations EPOS 1.99
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Muon density reconstruction possible for different distances:

« Composition sensitivity

* Model tests: heavy for QGSJETII & light for EPOS
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KASCADE-Grande:
Comparison of QGSJET-II-2 & EPOS 1.99
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« KASCADE-Grande 2 dim. Nch/Nm plot + proton and iron for QGSJET and EPOS

 Difference between the two EPOS models in proton
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* Deviation of EPOS relative to QGSJet
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« EPOS has less Nch and more muons with respect to QGSJET (roughly 10%)



KASCADE-Grande: Energy calibration
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KASCADE-Grande:
Energy spectrum based on QGSJET-II-2 & EPOS1.99
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» Based on Constant Intensity Cut method (Talk by J. C. Arteaga-Velazquez)
 EPOS result leads to a significantly higher flux compared to the QGSJET-II result



Summary

KASCADE results:
* QGSJET 01 and SIBYLL 2.1 still most compatible models
« EPOS 1.61 is not compatible with KASCADE measurements

Results of KASCADE -Grande:

 Muon density investigations: QGSJET-II-2 could fit the data with
an intermediate abundance. EPOS would require abundance
of light primary particles in order to fit the data.

* The interpretation of the KASCADE-Grande data with EPOS leads
to significantly higher flux compared to the QGSJET-II-2 result.

» More detailed investigations of EPOS 1.99 is still in work.
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