k\‘(“. Alr-shower measurements vs.
hadronic interaction models:
Investigations with




Hadronic Interactions: Problems

» Extrapolation of cross-sections to ultra-high energies
» Secondary particle multiplicity in high-energy interactions
» Extrapolation of kinematics to the extreme forward region (diffractive part of X-sections)

Equlvalent c.m. energy e, [Gevl

= 10 10 10 10t 10°
S & 00— TR T dt d '[ b t
'; '—'5505_ ; :Ttkaa'tt'l;a:gllulsﬂ-l Tawatron (p-o) T LHG (G5 rapl I y IS rl u Ion
8 = 5{.05— %‘ Siohun ot ol 1078 5 [ I (L
N = F | A Aglistastal 1008 = 6 i .
f .g 5500 g Honda =t al. 1090 © F particle production
U) = E Knl.g:‘a:wzaul.lgﬂﬂ 5 L
8 % 500— : FSAOD?!AI#!GD-YEIJ [
= CRCOT EAS-TOR »
B 'JE 450: [ CR007 Hies 4F
b = i
— 2 400 3
'<_E 2 3505_ — QGSJETOA ;
5 = -—--EPOS 2f
o 300 =T NEXUS3 g
e --- SIBYLL2 1 1F
250" —-0GSJETIA i
200: 11 IIIIII| 11 IIIIII| 11 IIIIIII 11 IIIIII| 1 IuIIIMIQhI IQII 11 IIIIII| 1 IIIIIIII 11 IIIIIII 1 ; m
10" 10  10"® 10" 10® 10" 107 10" 10" S ®
Energy [eV] -
250 g
a9 | — DPMIET25 w B
T neXus 2 © 200
200 -= QGSJET 01 o
175 F .. SIBYLL 2.1
150 A UAI/UAS 0
125 _ 10
100 inliciti 100
© £ multiplicities > o
50 i 5
25
0 P sl L sl PRI
10 10 10° 10 19°
E,,, (GeV) [ CORSIKA (Heck et al) FZKA report 6019 ]
o umm
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KASCADE: Hadron Measurements

Zeuthen, February 2010 Andreas Haungs 3 ﬂ(IT



hadrons in air shower cores

TR Unaccompanied hadron

~ counters E,=6.6TeV - — 7
lead absorber / ——h = = = /7

(5cm)

scintillation-

counters
Eu > 490 MeV

liquid
ionization
chambers

iron absorber

concrete absorber (77 cm)

multiwire proportional

chambers
[iEEIE T S E e spatial resolution: angular resolution: energy resolution:
6, ~10-12cm Gy ~ 1°-3° s

Eu > 2.4 GeV Lbee : . OBy 250

E VE/GeV

. E, ~ 6 PeV
320 m2 x 9 layers calorimeter 0
EH >20GeV; 11 iy Number of reconstructed hadrons N, = 143

Liquid jonization chamber preamplifier housing ceramic signal feed-through

Tetramethylsilane (TMS)
Tetramethylpentane (TMP)

filoing nozle l||

stainless steel housing 50x 50x 1 cm® 4 electrodes 25 x 25 cm?

J. Engler et al., Nucl. Instr. Meth. A 427 (1999) 528 T, Mayrho2 e
Zeuthen, February 2010 Andreas Haungs 4 .}\_‘(IT




hadrons in air shower cores:
test of hadronic interaction models

KASCADE observables per individual EAS:
from detector array: general shower parameters

from calorimeter:
« number of reconstructed hadrons (E,>100GeV) N,

« sum of the reconstructed hadronic energy XE,
« energy of the leading hadron E, M3
« parameters of the spatial hadron distributions A,....

g B
measurement

measurement
> >

Zeuthen, February 2010 Andreas Haungs 5 ﬂ(IT




KASCADE data analyses:
shower observable correlations

i - —— lonisation chambers — Top cluster Iron
= - Eh > 50 GeV *.._-,‘.'?‘f:r ~— Trigger plane Lead shielding-
» et e = = =
c - .* T e® - z
- A
g 2 -'52‘( .'-....
< 103
S N i'? &
5 |
-g i “A"f .?",
2 . ..o .‘..t
R ..’ 11 ]
B j% ..?.." knee
ﬁ ."..'.: .
10 = 70 T e KASCADE IEXdam ple:
:it\, .......:. p Fe aarons vs. muons
[ et Fe -~ DPMJET 2.5
e ST TN S N TN TN T TR NN TN WA TR SN AT R TN NN AN A
3 3.5 4 4.5 5

Number of muons Ig N,

Investigated many correlation of observables of all three
particle components

Electromagnetic Muonic Hadronic
By using full simulations (including detector response)

Zeuthen, February 2010 Andreas Haungs 6 ﬂ(IT



KASCADE data analyses:

shower observable correlations

E, > 50 GeV

10 =

10

hadronic energy sum ZE, [GeV]

10%

—— lonisation chambers

. O - T KASCADE
p Fe

@@ QGSJET 01

pmotme SIBYLL 2.1

—A—+— DPMJET 2.55

4 —_ 4.5 5 tr
number of muons Ig(Nu)

correlation of observables:
no hadronic interaction model describes data consistently !

— Top cluster Iron
Lead shie.'do‘ng—l

—— Trigger plane

Example:
hadrons vs. muons

=>» tests and tuning of hadronic interaction models !
=>» close co-operation with theoreticians
(CORSIKA including QGSJET, SIBYLL, FLUKA, GHEISHA,....)

Zeuthen, February 2010
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KASCADE — Test of EPOS 1.6 with hadrons

E, > 100 GeV

r,
I9(N,)

EPQOS delivers not enough
hadronic energy to the ground

R - *

— R B

N S o p Fe

- cofeeden EPOS 1.61 (FLUKA)
— -{3-—- - QGSJET 01 (FLUKA)
__\III‘IIII‘IIII‘III\|IIII|III\‘IIII|IIII‘III\
3 825 35 375 4 425 45 475 5  52E

A Ig(2E,/GeV)

o
o
a

o

-0.05

-0.1

-0.15

-0.2

-0.25

-0.3

_1‘&»I__|Jé" I | [

E, > 100 GeV

———,

"f
’
i ]

p £
ek EPOS 1.61 (FLUKA)

-3~ QGSJET 01 (FLUKA)

O

025 05 075 1 125 15 175 2 225 25
Ig(N;,)

- energy per hadron too small

= EPOS 1.6 is NOT CONSISTENT
with KASCADE observations!

Zeuthen, February 2010
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KASCADE : test of new hadronic interaction models

EPOS 1.61

sa01 proton QGSJet
1ini proton SIBYLL
mmm proton EPOS

7.5

IIIIIIIIIIIIIIIIIIII

6
nm jron QGSJet
5.5 snnrjron SIBYLL
mmm jron EPOS
5
1 1 | 1 1 1 1 | 1 1 1 1
4 4.5 5 5.5 6 6.5
tr
IgN,

Zeuthen, February 2010 Andreas Haungs
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KASCADE: new hadronic interaction model: EPOS
- unfolding based EPOS 1.61 and FLUKA (with CORSIKA 6.6)

— 10%E
~- : ® proton M helium
>t Acarbon | 2, -
(3] - 900 Q o0 107 preliminary
l’D . > [ ek ..l"l‘;_'-;_-.:_-.- __‘~
~ 10°F oo v F 4
w - LA X X 1 . P v :
— B ry 1: T . A w 3 E‘ & {I‘; M
- - AA A, A A L T 10 proton spectra 4
v - A L A AL = | A - F EAS t T %o
— A . l ] ‘|' rl\l - o AMS measurements ﬁ
R 102 N - | ] - A = [ ¢ BESS m KASCADESH %
E = u | L ® ‘ [ — | A Caprice oh Grapes QGSJet 1 T
— B L 5 ¥ Ryan { GrapesSIBYLL
n - u ~ L 07 & Hegra A Tibet QGSJet (HD)
~ - iEg ; ® v C ¥ Sokol2 ¥ Tibet SIBYLL(HD)
L S ] w [ e JACEE ® KASCADEQGSJet
> 10 3 l ® ° - [ RUNJOB B KASCADESIBYLL
L - T ok ¥ ATIC2 # KASCADE EPOS
B E ||Jl||| Ll Illllll L IJIIIlII Ll ||J|||| L ||l|I||| L IJIIJIII L l||l|||[
O L 2 3 4 5 [ 7
% | EPOS preliminary 1 10 10 10 10 10 10 10
14 . L] ! i IR kin.energy [GeV]
10° 107 10®

primary energy [GeV]

-) very proton dominant, but knee caused by light primaries
-) no iron needed

=>EPOS predict too many muons or too less electrons (for KASCADE)

Zeuthen, February 2010 Andreas Haungs 10 ﬂ(IT



Shower observable correlations: Model tests

QGSJET 98
VENUS™ J. Phys. G: Nucl. Part. Phys. 25 (1999) 2161

SIBYT.6

DPMJET II.55 DPMJETTS

QGSJET 01
SIBYLL 2.1 J. Phys. G: Nucl. Part. Phys. 34 (2007) 2581

NEXUSZ

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

QGSJET Il

*EPOS 1.6 is not compatible with KASCADE measurements
*QGSJET-Il has some deficiencies
*QGSJET Oland SIBYLL 2.1still most compatible models

=2 New models are welcome for cross - tests with KASCADE data

Zeuthen, February 2010 Andreas Haungs 11 ﬂ(IT



Are the models self-consistent?

Zeuthen, February 2010 Andreas Haungs 12 .B\_‘(IT



KASCADE : unfolding + hadron information

suni proton QGSJet

75 s111 proton SIBYLL

10

nnnt jron QGSJet

2
suatiron SIBYLL 10

Zeuthen, February 2010 Andreas Haungs 13
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KASCADE: sensitivity to hadronic interaction models

number of events
—
=

—
<

—f—

Al 1

6.15<ilgN, <63

e data
— sum of
—H
— He
—_C
—Si
— Fe

hed
o [T

4 42 44 46 48 5 52 54 56 58

1
IgN,

||||||ITI T 17T

number of events
3

—
Q-

10

LI IIIII]I T I

5.7<IgN, <585
e data

— sum of

—H

— He

S —

—Si

—_— Fe

L AL

g

Zeuthen, February 2010
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81— CORSIKA 6.018 / GHEISHA 2002 / SIBYLL 2.1

SIBYLL

4 4.5 5 5.5 6
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B B
, sk QGSJet
B n
7
6.5
&£
3.0
] . 5
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o
=)
o
G

2 per cell
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o
S
—_—
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Shower observable correlations:

Model tests with composition
SIBYLL 2.1 P Ne—Nu analysis
Number of hadrons vs. number of muons = "f.. 5,
> ;
*8 103_—- A
= | .E, >500Gev f,{f;;;:.ﬁgq;:f,i.
205 —{h E::J E“’z;‘ 17 ff‘-?adfﬁli%
< oW ¢ b T
E - * % 10_ :giNgcr)oup Il !
- + * + 1_| Fe group | [ I, ,
0 ¥ + 108 107 108
~ + primary energy E [GeV]
- + v2distribution
- o s o = 0.025 ;::
00 _+ !rmz i
- + SIBYLL 2.1 '
: p Fe im”
I ¢ 4 SIBYLL 2.1 N
-1 _I [ | I [ | [ | [ | [ | I [ [ | [ | [ | I [ [ | | 0.005
4 4.5 5 4 |
lg(NJ-L) i i 6.5 v
Inconsistencies at the level of 10% to 20% %

AT
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Shower observable correlations:
Model tests with composition

QGSJET 01
Number of hadrons vs. number of muons
Z'C 'OEh>100 GeV
s | 220 90
©
8 —
3 e © © 9 °
p O
= -
5 i @
o i O
05 o
@
® QGSJET 01
i p Fe
- O @ QGSJET 01
-l 1 I 1 1 1 1 I 1 1 1 1 I 1 1

4.5 5

Number of muons Ig (N)

Ne-N, analysis
10

T [ QGSJETOf il
8 :. 4 CNO
< 1ok "M tag, * Si group
® Fo 0880 = ., Y Fegroup
'/ 24 y :Eh. A
o - A i
£y,
w0 - 1 !
8 - l Iol | v
w i ll l'l i
T 10f i
- -

1_| 1 ‘

10° 10’ 10°

primary energy E [GeV]

x> distribution

=

—{0.02 "=

-0.015

—0.01

I 0.005
0

6.5
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Low energy interaction models?
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KASCADE results: confirmation

- same unfolding but based on two different low energy interaction
models and different zenith angle ranges:

- GHEISHA 2002 and FLUKA (both with QGSJETO01)

- 0-180°, 18-25.9°, 25.9-32.3° (all with QGSJETO01/FLUKA)

o~ 10% — = &~10°
% : QGSJET 01, 0°-18 preliminary =~ QGSJET 01/ FLUKA preliminary
&} K A Proton 8 8 é 4
T " AAAAAA ® with GHEISHA & Ban
- 10°% OQ A &‘AAQ& O with FLUKA ﬁz 103 B@ E
o B ‘if * * ,L ? i © - 8 al AAA A 2
W 402k . & $ 1[( [ W 102 proton o} 3 : z é [
W E ‘ é0 H W E O0-18deg. 0 10¢ [ ?d
S | Helum o, & S [o18-259deg oA
S [ A with GHEISHA ! o1 9® o ¥ &S] [ A 25.9-32.3 deg. 1 g
| A with FLUKA P T ¢
10E [ ] i ® ¢ 10  helium L) [ I o P
E Carbon ¥ X ) T E O 0-18deg. Oon o 1
[ % with GHEISHA ‘ VY O 18-25.9 deg. 2
[ S with FLUKA A 25.9-323deg.
1 1 1 L1 il 1 1 | 1 1 oo el 1 1 'l B 1
10° 107 10° 10° 107 10°
energy E [GeV] energy E [GeV]

- Less dependence for unfolding based on different low energy
hadronic interaction models
- Weak dependence on zenith angular binning (not significant)

KASCADE collaboration, Astroparticle Physics (2009)
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New physics?

g a r Y 7 U
Author of The Seat of the Soul

of the American Book Award
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Callbratlon of the KASCADE hadron calorimeter at
S the ERN SPS

Ry

Wlth:ﬁa_(;LFons

...,p.;n‘-r Rl
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o
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—_
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[H]
=,
-
~ O
=
w
o
o
D
©
>
(@)
.
i@
. c
L

Calorimeter at CERN ) 3502GeV
O (x27)
measurement y .
A simulation . 050 GeV

.
KASCADE calorimeter (x2°)

—=— measurement .
--a-- simulation 150 GeV .

o
hlm\lﬂ Dll

, 7_"29th JGRC Pune 6 (2005) 17
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Unusual events?

Hadrons measured in the calorimeter at an accelerator and in air showers

Fluctuations in shower development,
unusual events, long-flying component
€ In agreement with simulations

S [ S
= W
= j04- = 104 simulated
C - c =
i - o =
D[ s L/l T~ N
S 8 103
g - % 10 g—
> 10° -~ [
o - 2 =
e r S 102
L N L =
10 = 10 |
- § -®- mean values (measurement, 9 TeV)
: 1_III|III|III|III|III|III|I
0 2 4 6 8 10 1
| 1 1 | | 11 | | 1 | | | 1 | | | 1 1| | ] | ] Depth [A-I]
0 2 4 6 8 10 1
Depth [A]
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Spatial distribution: test of transverse
momentum p,in hadronic interaction

NS
&
) g0-47"'\"'I"‘I"‘I"'I‘\"'I"i
6 € ]
£ o8 1<E<32PeV ]
° 9o . T A . | 2 ¢ 2 pt = KASCADE
700 Gp . Antoni et al., = 03 . 1
370 [ ]
490 Gev Phys. Rev. D 71 (2005) 072002 0.25] - Fe ;
h max _ - - e .
4 d, _5.6’m 14‘_0.99‘ :ISOGeV 0_2;_ _-—IT
-6 -4 2 0 2 4 6 i £ -
x [m] 0.15f : —-—|_= B
- 01} . | ;
Z 0.4 T T — 005; """ A ]
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%035— d = o Ezeraes | 1 |
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e ] 4o L - Fe
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0.2 o : ] E S N '
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0.15F L - 0.15 “',
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Ellll H mll‘lll d?ax[m]
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CORSIKA/QGSJET 01
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Hadron Attenuation Length

Method: measure hadronic
energy sum at sea-level:

Pt
I
o=

sim QGSJet 01

[
P
o=

X
»Eg = Epexp 0
AE

200

meas
* all

2

W JIIlIIIlIII|III|III|III|III|I

Divide data sample in light and 140

Attenuation length ?-.E [gfcm‘j']
o
o

heavy generated showers ® light
120 B  heavy
= ?5 : ;103 100 o b b b b b b
2 esp o = 55 6 65 7 75 8 85
g ° ;— ], Energy lg(E,) [GeV]
% 55 = — -
3 - - £ 240 _ .
E CE 1, 3:4 220 s modified
< 45 = heavy = -:g: 2002— . P “ QGSJet 01
L"lf_|'|||| cica b b b ] iz 130;_ 2":* P-air Cross-
3 35 4 a5 5 55 | % 160;_ M Teazu section: -5%
Namberfmuons ) Eef e ia | Elasticity: +10%
. . . — eawvy
Compare Wlth Slmulatlons -IoozlIII|||II|IIII|||II|IIII|IIII|IIII
5 55 (5] 6.5 7 7.5 8 8.5
Energy lgl(E ) [GeV]
KASCADE coll, submitted to PRD =>» Hint for model builders??
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Muons as model tester!

Toerton

—> @ *
2©
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HE Muon Measurements at KASCADE

s

0
~ Muon chambers ‘l' .

Streamer tubes

Muon Tracking Detector

! LI s = LI}
CENTRAL L)

200 m

« Central Detector muon facility
E,(hresh = 2400 MeV

=»Muon Density measurements pu2-4GeV
=>»Lateral distributions

=>»Model tests (muon energy spectrum)
R 2.4/0.23 — p 2.4GeV /p 0.23GeV
p 1 H

« Muon Tracking Detector
E (hresh = 800 MeV

=>Measurement of radial and tangential
angles p,,t,

=>Muon production height

=» L ateral distributions

=» Model tests (pseudorapidity)

n, =-In(&/2) C=pdp, = sart(p*+?)

Zeuthen,Feb
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Muon Energy Spectrum Muon density measurements

model sensitive parameter:

—— lonisation Chambers Top Cluster
— Trigger Layer ( ’— Lead Shielding

at MWPC p; (Eth = 2.4 GeV)

atTP pff’ (Bth = 490 Mev)

Muon Tracking Detector Central Detector
B-B
b o @ d @B @ \‘l ] Z d b 8 @ J
( =] In- o I-l o =] --. d )
Streamer Tubes = .
= w¢E = ] [*] 7
E T = integral muon energy spectrum 1 a" _-.f Y A oQa d b ‘-. d )
< = 15 1
ml 3 - 107 eV J n o §
K CORSIKA . . N
'y —— VENUS + GHEISHA Bf) b » o\d . < a wIreeyl.
2 | e QGSJET + GHEISHA 1 ata s a s q )
31.6 - 100.0 m | |
- . \. B o [}
& : ZE, =24 GeV i [. = 1k R=30m -71m
T o . a_y |
'Eh 490MeV ] / o |
P i e | 200m

1 10 10° \ ; ;
Elect > Stat
E, (GeV) Array Cluster Dctccl{)r Hut COLIOmE miaton
0 1om 2om
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Muon Energy Spectrum

™
= 005 MWPC /TP Density Ratio distribution of the
= v data- heavy primary muon density ratio
% o : for a certain range in distance
0.041 4 data - light primary and total EAS muon number.
- —  QGSJET-GHEISHA
a8 investigated observables:
f mean and rms of
0.02 1 R=50m—60m i
I 3. < Ig(NY) < 4.15 Rp VS. prlmary energy
f R _vs. core distance
0.01 P
o

A.Haungs for KASCADE-Grande,
28" ICRC Tsukuba Japan (2003)

Zeuthen, February 2010 Andreas Haungs 27 ﬂ(IT




Muon Energy Spectrum

P
(1%}

e A, 1
B KASCADE data - heavy primaries o]
r V
% L1+ ® KASCADE data - light primaries o 0.95
5 B QGSJET-GHEISHA - heavy primaries E
w F
= 1+ ® (QGSJET-GHEISHA - light primaries é‘ 0.9
= F 1)
z ~ 30m<R_,_ <7lm E 0.85
= 0.9+
s 09 g
£ : = 0.8
= Fom . =
~ 0.8 0 n u u ] ] - %
- ® L ] ° ° ° . g 0.75
0.7 - o ]
: ° . ! = 0.7
o ° ° °
| ° °
0.6 0.65
I~ _| 1 T A 1 1 1 Ll 1 Ll b
L T T R R R S A
R . [bins]
Results:

-) inconcistencies for all investigated model combinations

® QGSJET-GHEISHA
i ® SIBYLL-GHEISHA
A QGSJET-UrQMD
¥ NEXUS-GHEISHA
et 75 KASCADE data
op
', o
B v o
i i 2
L gp
qp
- EILE
L ¢ W
® v A
' s 4
~ light primaries s v ¥
30m<R,  <7lm
| | | I | | | | I | | I | |
8 4 4.2 4.4 4.6 4.8
log (NI

-) problem with the muon energy spectrum predicted by the models?

A.Haungs for KASCADE-Grande, 28t ICRC Tsukuba Japan (2003)

Zeuthen, February 2010
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Muon pseudorapidity!

MUON TRACKING DETECTOR

CENTRAL ]
DETECTOR

Aol S | Ve |

ARRAY DETECTOR %

b

dl/dn pseudorapidity

1000 —

25000 oo L
I ' i 5 muons in the detector

20000 e i e muons at production

15000 Looitb i B | parenthadrons | Pseudorapidity of muons
F B is correlated with n of

parent hadrons =»

sensitivity to hadronic

o %7y interaction models

10000 Lol R

5000 [l

J. Zabhierowski for KASCADE-Grande, ISVHECRI 2008
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Muon pseudorapidity!

(dN/N)/dn
-2
10
E CORSIKA + QGSJet01 +
10° FLUKA 2002 + full
; detector Monte Carlo
10'4' simulations
-5
10
Results: n
-) data shifted to the left? -> model effect? systematics in measurements
-) go a step further: muon momentum: 1
p=pte 1+ >

4
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KASCADE-Grande
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muon density investigations

10
-g.- E ® Data
_é'l I Proton - EPOS
g - == |ron - EPOS
@ o R L L L L] Proton - QGSJet
Q | WSS ... Iron - QGSJet
c
S
7.0<Logli0(N)<7.3
2 g10(N,)
107
IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII

0 100 200 300 400 500 600 700 80
Distance from shower axis (m)
- muon (local) density reconstruction possible for different distances
=>» composition sensitivity
= model tests
Vitor de Souza
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Muon spectra

KG data vs MC

Discrepancy between MC
(QGSJET Il) and KG data

Increases with zenith angle.

Discrepancy also found
when using EPOS

Juan Carlos Arteaga

= 10°F
o - 0°<0<20°
oot e
o i ==
£ [40°<p <50°
Mz 2]
% 10 -
< -
> | :F
3 [ *‘
g |se<o<r0r
10
E :%: N, correction function: (Al
- o QGSJET (All)
i ¢ KGdata
III|III|III|IIIIIIIIIIIIIIIIIII
15 52 54 56 58 6 62 64 6.6
Iogm(Nu)

Zeuthen, February 2010

Andreas Haungs 33 -3\_‘('1.



Muon attenuation length

Difference between MC and KG muon attenuation lengths

— 1700
§ 1600
S
- 1500

1400
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N;._= Nué

XOSEC'EI'H&.M

preliminary

——i
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I A
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e () ]

Ll Lo |

[ S —
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KG data

MC data (H, He)

MC data (C, Si, Fe)

FLUKA/QGSJET Il

[— ) —

Juan Carlos Arteaga

6.05 6.1 6.15 6.2 6.25 6.3 635 64 645 6.5
Iog.IO(Nu)
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electron number — age correlation
=» composition sensitivity ?

Qv "
D4l + data
- = iron
- treshold + proton
1.2~ (full efficiency)
&’.”0.. i
!—*# ..l I
1 =l=_._'o
i 'f-..."°~o!.on“"""""”""" % o
¥ A= -I—-I.—-'l-l-l-a--...-l--...-—l— oy _:‘.o..
0.8 _— AA ey AA~A—A—ArA—A=AL T -:--A ¥ 4£+
: | 1
061~ QGSJetll/FLUKA full simulations ’ n'certam
- KASCADE-Grande data '
L L I 1 1 L1l l [ 1 L L I L 1 1 1 ' 1 1L 1 1 I L 1L 1L L I L L L 1L l
0. 5.5 6 6.5 7 75 8 8.5
LOQ (Nrec)

-Shape of distribution seems okay
-Shift by ~0.05 in age (already seen in KASCADE)!!

Fabiana Cossavella
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EPOS 1.99
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EPOS 1.99 — muon densities
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N., — Nu - Correlation
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N., — Nu - Correlation
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- KASCADE-Grande 2 dim. Nch/Nm plot + proton and iron for QGSJet and EPOS
- Difference between the two EPOS in proton
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N., — Nu - Correlation
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N., — Nu - Correlation
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