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KASCADE-Grande Timeline

]

Karlsruhe Institute of Technology

Xmax by radio

+ 60 collaborative papers in
reviewed journals (2-3 still in queue, EAS GHz emission N
short author list papers not included) . KC DC

- 56 PhD thesis light ankle

» 86 diploma/master thesis heavy knee CROME (CROME X

Karlsruhe Air Shower

muon production height Test Facility

proof-of-principle radio detection Cosmic Revelation

(an)isotropy
v limit LOPES

light knee

model tests

Proposal
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KASCADE __\g(“'
KArlsruhe Shower Core and Array DEtector

e Energy range 100TeV — 80PeV M, ‘ Llﬁl\vrllt::;:t al.

e Since 1995 | : (2003) 490
_ e Large number of observables: electrons, muons@4 thresholds,

3 Tuning-Jan2024, Andreas Haungs, KIT-IAP



KASCADE: energy spectra of single mass groups

dJ/dE E?® [m2s'sr!GeV'

KASCADE data

lgNg
10%g
- QGSJET 01 2 Proton
:. . A CNO
1ok o mEEEm g * Si group
fee®® VFegroup
A TV LT VU ¢
LA ;*?f I |
ML ERL N
Ol ®
10 ’T
1|6 : .‘....|7 R
10 10 10

primary energy E [GeV]

—
Da

N
S
no. of showers

~
=

~

]

Karlsruhe Institute of Technology

Searched: E and A of the Cosmic Ray Particles
Given: N_and N_ for each single event

=» solve the inverse problem

hydrogen

S 300 PeV

100 PeV

Monte Carlo

5.5 6
1
Ign Y

6.5

- kernel function obtained by
Monte Carlo simulations

(CORSIKA)

- contains: shower

fluctuations, efficiencies,

reconstruction resolution

dJ

dlgN, digNT

A(lgNe, g N,/ | IgE)dIg E

o
KASCADE collaboration, Astroparticle Physics 24 (2005) 1-25
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KASCADE: the rigidity knee

fuxIE o) - E > [m2sr 157 Gev ]

5

3
10

2
10

]

Karlsruhe Institute of Technology

- same unfolding but based on different hadronic interaction models embedded in CORSIKA

B SIBYLL B sumofall @® proton

_.l.. A helium

i e Ll * carbon
& . & @ ! * ¥ silicon

S Sl & 1 B iron

§,‘¢‘i‘$i§§§¥- . I

SEMTIMTL LD

i : f? 1 z S ? 'I' A T

Tea e, |1 ERS

; Té ; 1 l *
:' { | ;} ; xl
10‘6 10? _icla

primary energy E 0 [Gev ]

- all-particle spectrum similar

? - B sumofall @® proton

> | .%GSJet A helium

3 I " -.. ': C?Irbon

: & it} silicon

K s “““l‘:!i . s

T opeels SLIISe0Y,

lm—' [ * & g & i’ I T .

Y [t A8 _

{ * & %

EpRIE # }
Wi v | L el L Ligi¥ Lila
10° 10’ 10°

- general structure similar: knee by light component
-relative abundances very different for diferent high-energy hadronic interaction models

but for many models: proton not the most dominant component!
KASCADE collaboration, Astrop.Phys. 24 (2005) 1, Astrop.Phys. 31 (2009) 86

primary energy E 0 [Gev ]
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KASCADE: further studies

dlI/dE x E*® [m? sec'sr'eV'

...spectrum, composition, and test of hadronic interaction models

—
S
]

10

=
<
[43)

—
S
B

10"

ey

EAS-TOP, all-particle
Akene, all-pariicle
HiRes Il, all-particle
GAMMA, all-particle
Tibet, all-particle

§!$§§i§ :

| T = =

T,

Grande QGSJETII, all-particle (this work)
KASCADE QGSJETII, all-pariicle (this work)
KASCADE QGSJETO, all-particle (this work)
KASCADE EPOS1.99, all-particle (this work)
KASCADE SIBYLL2 1, all particle (this work)

ii{

1[]15 1015

Marcel Finger (2011), PhD Thesis KIT, thesis

6

101?

1D1E

10" 107
energy (e\/particle)

]

Karlsruhe Institute of Technology

- Differences in (post-LHC?) hadronic
interaction models down to PeV

di/dE x E*® [m?sec'sr'eV'

10"

108

10|5

10™

10"

=3

10

‘ IIIIIIH‘
- 0D »

direct data

RUNJOB, H
ATIC. H
JACEE. H
SOKOL, H

Grande QGSJETII, H (this work)
KASCADE QGSJETII, H (this work)
KASCADE QGSJET01, H (this work)
KASCADE EPOS1.99, H (this work)
KASCADE SIBYLL2.1, H (this work)

_H
o
-
—

10"

10!2 1013 10!4

10'%

10

107 10"
energy (eV/particle)
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https://publikationen.bibliothek.kit.edu/1000023830/1801703

KASCADE: further studies ...use of public data (KCDC) AT

Total flux 4 I T Fe |
This work QGSJet.ll-04, band by
1% e oy } KASCADE .t IceTop EPOS-LHC, Sibyll2.3c o si
* . . CNN 3 m TALE . . .
&
103 - Tar _ e
i " E 2 S . * 0

QGSJet.ll-04
102 - T T T T T T T T T 0 1 B - : : - - |_ |_ : _I___I__: F:) |__

107 108 1015 I I - I]iolls 1017
Energy, [GeV] Energy, [eV]

dj/dE -E?5 [ (m~2 sr~! 571 GeV'?)

- Used CNN applied to public KASCADE data (KCDC) to obtain spectrum and composition

M.Yu. Kuznetsov et al, arXiv 2311.06893 & 2312.08279
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KASCADE-Grande

e Energy range: 100TeV — 1EeV

e Area: 0.5 km?

e Grande: 37x10 m? plastic
scintillation detectors

e Nch + total muon number

=» determination of primary energy

=>» separation in “electron-rich” and “electron-poor” event

— 9

Zﬁ - KASCADE-Grande data .

vo 8.5 ? 0°- 40° ‘\‘\6":9 10 EV -
= = o

o gf_c.1510%vents oo ot

o E

8 75F

9 E

t 7

© E

2 65F

g &

o 6L

A =

g e

] 5.5:—

— E o -

o 5 o =iy

— = ¥ s ., valso line of

Q = '-,10‘ eV full efficiency

2 45— - E

£ o *10%v

: 471IIJ[LLIJ|IIIIJIIIIIIILKIJIIKIIJI]]Illllll\llilll

c 3 3.5 4 4.5 5 5.5 6 6.5 7.5 8

muon number Iogm(Nu)

]

Karlsruhe Institute of Technology

10°

10°

10?

log,o(E) = [a, + (ae-a,)-k] -l0g1o(N,) + by +(be.-b)-k

k = (log,(N,/N,) - log10(N/N,),)/ (log10(N,, /N ). - log10(N,/N,),)

W.D.Apel et al, Nucl.Instr. and Meth. A620 (2010) 202

number of showers
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KASCADE-Grande Results ﬂ(“'

Karlsruhe Institute of Technology

KASCADE-Grande: results KASCADE-Grande: model dependence

TT T 1T T T 11T | TTTT | TT T 7T L | T T T 71 T T 11 | T T 11T J T
3 eiectrun— 0ol sam ie . SIBYILL o QGSjet
- P P * QGS2v4 e gPD‘la 1

10VeV
———

. ”1.0.“?ev
- KASCADE-Grande |

10 20

anall-particle 1
® clectron-poor sample |
¥V electron-rich sample |

y=-295+0.05

¥ =-2.76+0.02

=

=
==
A'-]

y=-32440.08

t Y=-3.2440.05

dI/dE xE*” (m?sr's"ev')
dN/AE x E (ln'zsr'ls'lc\’l'?]

[

=]
—
-]

y=-325+0.05

| PRD 87(2013)081101

PRL ‘107(20”‘)17”04‘ ‘ Y=(2'79+°"°8 | ‘ 105 Advances in Space Research VAL .
16 16.5 17 17.5 18 :. 53(|2014)|:|'456| MR AR I | A N .:
log ,, (E/eV) 16 1625 165 1675 17 17.25 175 17.75 18
. . . log,,(E/eV)
- steepening due to heavy primaries (3.50) - Spectra of heavy primary induced events
 hardening at 101798 eV (5.85) in light spectrum => knee structure at the heavy component

=> relative abundances different for different high-
energy hadronic interaction models

* slope change from y = -3.25 to y = -2.79!

9 Tuning-Jan2024, Andreas Haungs, KIT-IAP



KASCADE-Grande Results: new model versions

10"

dI/dE x E?*” [m2 s1sriev'7]

10

QGSJET-1I-04

4 Al

o Heavy (Si+Fe)

m  Light (H+He+CNO)
Heavy total syst. error
Light total syst. error

di/dE x E27 [m2 s sr'eV'7 ]

10"

E P
i . ®  Heavy (Si+Fe)
., B Light (H+He+CNO)
] A
L 0 L
| | o . A A N
P ", " 4 A v
| |
L' ® 9 g 0 @ . | I | ; * 7 i T
C ] -F * +
L]
i .,
I ()
EPOS-LHC + + l
L L L L \;0‘17 L L L 1|0‘1B
E [eV]

di/dE x E27 [m2 s sr'eV'7 ]

10"

SKIT

Karlsruhe Institute of Technology

E A Al
i ®  Heavy (Si+Fe)
= ., B Light (H+He+CNO)
] Aa o,
L | | - i N
| | . A 4 LB
: ® g 0 00 = LI : 4 T %
r LR 4 I
r e n ¥ [
i vee "t . +
i .
f : + + {
SIBYLL 2.3d l
1 L L L \;0‘17 L L I1I0‘1B
E [eV]

Donghwa Kang; ICRC 2021, ISVHECRI 2022, COSPAR 2022, ICRC 2023
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KASCADE-Grande Results: new model versions

Donghwa Kang et al.;
PoS(ICRC2023)307

—
L

dlI/dE x E>*" [m2s'srieV'’]

electron-rich (H+He+C)
o QGSJET-ll-4
A EPOS-LHC

SIBYLL 2.3d

10 electron-poor (Si+Fe) i
C o QGSJET-I-4 '
. 4+ EPOS-LHC S
: SIBYLL 2.3d J
I Lol ! L T Load
7 7.5 8.5 9
primary energy [Ig(E/GeV)]
11

Karlsruhe Institute of Technology

- Knee-like structure of heavy
primaries are similar

- EPOS-LHC gives the lowest flux
of heavy primaries of all
models due to the different
ratio of N ;/N,

- The light sample is always more
abundant due to the separation
around the CNO mass group

- Hardening of light primaries
are similar for all models

*EPOS-LHC model predicts more muons
than the other post-LHC models = the
data interpretation leads to a more light
composition

Tuning-Jan2024, Andreas Haungs, KIT-IAP



E>® J(E) (m? s sr'eV")

KASCADE-Grande Results: new model versions ._\ﬂ(“'

Karlsruhe Institute of Technology

~ . A EAS-TOP (1999) o i
B aII-partICIe Spectrum 5 KASCADE (2005 QGSJET-01) Small difference
| KASCADE-Grande (2012 QGSJET—“). among the post_LHc
[ ] KASCADE-Grande (QGSJET-I1I-04) this work
10" ] KASCADE-Grande (EPOS-LHC) this work models for
= KASCADE-Grande (SIBYLL 2.3d) this work
- v lceCubellceTop (2019 SIBYLL 2.1) KASCADE-Grande
B 5 HiRes Il (2008)
— "' 7 1 AUGER SD-750 (2021)
B ‘ :f%% v TATALE(2019) * Interms of the
10 o PPty absolute flux, there
- BE‘? o is an up to 20%
- =Ty
B uﬂﬁ%% lower flux compared
il Donghwa Kang et al.; " %gﬁ to the other
=  PoS(ICRC2023)307 %&é%ﬂ@ " Qﬁ] measurements
- T
7\\\‘ | | \\\\I\l | | \II\I\' | ||||||‘ | | IIII\I‘ | | L 111 ¢ DuetOthe
10" 10" 10" 10" 10" measurements close
Energy (eV/particle) to sea level?
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KASCADE-Grande, combined analysis AT

Karlsruhe Institute of Technology

1025
. - QGSJet-11.04 vs. EPOS-LHC vs.
100F " L
N SIBYLL 2.3
ol N — 4384806 v
10-8 =
= —100 » aAnne "e anett
) g - VemAlirtaLpr
&z 100 p . .
= —200} | ~ e 4.
= | > '.~ 5 _."‘ e : ‘ L] = LS PL T
- _ | B ﬁ T * - ¥ -'.4-
2 300 10 mT 4 Lo X _‘_,'__...E;ﬁf_ F e
= =1 1 . . X
U —400 = - O 8
I w01 & E ¢ '1‘;‘*
>_. — 500 Ea 8 |
m" -
—600r R E=XCombined Area : 284088 m” [ 4 10~ w $ Al
» |UodGrande Area : 152202 m? < ’ C+Si+Fe data, QGSJetll4
—rook U S MKASCADE Area @ 25446 m® || * HeHe
—700—600—500—400—300—200—100 0 100 10-1 % ¥
X — Coordinate[m] 5 8 = % m S = Al s
log,o(Ne) - F R [ } data, Sibyll2.3
= H+He é
1023 A
lols 1016 lo'l? Iols
E [eV]

* for KASCADE: additional stations at larger distances
= higher energies

* for Grande: additional 252 stations
= higher accuracy

Post LHC models:

light primary interactions okay?

heavy primary interactions show differences
Sven Schoo, KIT, PhD 2016
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KASCADE-Grande, hadronic interaction model test

dI/dE % E2.75[In—2 eVl.?S S—l SI‘_l]

1021

H4a

1020 7‘ ’

—_

=]
el
©

1018

Color Code : HHe C 5 Fe ¢ KASCADE

§ KASCADE — Grande
Tunka — 133
) IceTop

Auger

TA

_________
______

1015

1616 1617 1(]"18 1619 162[]
E [eV]

e assume a composition model: H4a by Tom Gaisser

—

Y — Coordinate[m

100"

—100}

—200}1

—300}

—400}

&
=]
=

— G600}

—T00}

SKIT

Karlsruhe Institute of Technology

E=BCombined Area : 284088 m* []
a U MGrande Area : 152202 m?
U MHASCADE Area @ 25446m” ||

—T700—600—-500—400—-300—-200—100 0 100

X — Coordinate[m]

¢ two selections: core located in KASCADE, core located in Grande
=» we measure “different” muons

Sven Schoo, KIT, PhD 2016
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KASCADE-Grande, hadronic interaction model test

]

Karlsruhe Institute of Technology

1025 T 1(125
= QGSJet-11.04 e Data
i o
@0
D ¥ b
w t {
¢ wn
: MIRTUL IR sty |
& g W LS i T «* * J
> o9 > TYvy iy
v Ty n [ ¥ Yvyaa ‘e L
o \ { L { .-o'tvv! bt ] + q
| 24 | ! Gl 3 ** Ve ",
10 1 * u |—. ]_UZ-! s ? v = 3
.E. tes i * = S & f i 1
2 e
AR T !
< o
aa ' + 2
* *
K t K KG (RAW. MC{L4a}, 1L e, oK. QGSILL 53] { KKG (RAW, 1T Tle, TnK, QGSTH)
= $ K-KG (RAW, MC{H4a), C 1811 Fo, TnK, QGSIH) = $§ K-KG (RAW. C18i i Fo, Ink, QGSTI4)
:a # K-KG (RAW, MC{H 1}, H+ He, InKG, QOSIH) ~y b K KC RAW, H<Tle, InKC. QUSTI4)
" K-KG [BAW, MC{I14a), C+Si+Fe, InKG, QGS1) = § KRG IRAW, C+8i—Fe, InkG, QGSI4Y
1023 10‘23
1015 1016 1017 1018 1015 1016 1017 1018
E[eV] E [eV]

*  One model, but two selections:
Simulations okay, but strong differences in data
(similar result for QGSJet-11.04, EPOS-LHC, SIBYLL 2.3)

=» Muon component not sufficiently described
Sven Schoo, KIT, PhD 2016
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KASCADE-Grande, hadronic interaction model test

10% ‘

= EPOS-LHC

i

wn

[ f

142] ¢ *

jem]
S .,“**’*t i*tl i
o ¢ oo *

2 'oe, }
& vV oory

| 1024_ 1 .

g Y f
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: i
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*

£ ¥ KCKG (RAW, MC(H4a), H | He, InK, FposLHC)

E § K-KG (RAW, MC(H4a), C1Si1 1o, K, BposLHC)

% § K-KG (RAW, MC(H4a), H4He, InKG, EposLHC)

§ K-KG (RAW, MC(H4a), CH1 81 {1, INKG, EposLHC)
23 " i
10 Olo 016 1017 1018

Sven Schoo, KIT, PhD 2016
16

E [eV]

*  One model, but two selections:

1025

SKIT

Karlsruhe Institute of Technology

Data

dI/dE % E3"/m2eVZ" g1 g1

v * e ] L ]
v oam """
24 tee g m n
0% e e .,x:,””t
|
¥ K-KG (RAW, H+He, InK, EposLHC)
$ K-KG (RAW, CHSitle, [nK, EposLHC)
¥ K-KG (RAW, H | He, mKG, Eposl.HC)
$ K-KG (RAW, C1Si1Fe, InKG, FposLIIC)
1023 ‘ : -
10" 10'¢ 107 10'®

E [eV]

Simulations okay, but strong differences in data
(similar result for QGSJet-11.04, EPOS-LHC, SIBYLL 2.3)
=» Muon component not sufficiently described
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KASCADE-Grande, hadronic interaction model test AT

Karlsruhe Institute of Technology

1025

1025

SIBYLL 2.3 Data

o, ¢
...... ’¥+ + * * 4 .....++++
'Yvy '.:x LI
102 "*IH”* * W x::'::IEZ::' ‘111t
L} " L Yf
TR U

t KKG (RAW, MC(I1a), I1+1le, InK, Sibyl12.3)

$ KKG (RAW, MC(Hia), C 1801 Te, Ink, Sibyll2.3)
b KKC (RAW, MC(IHa), 1L 1le, InKG, Sibyll2.3)

§ KK (RAW, MC(Hda), C+8it Te, InKC, Sibyll2.3)

¥ K-KG (RAW, L+1le, Ik, Sibyll2.3)

¢ K-KG (RAW, €1 Si| Te, K, SihylI2.3)
b K-KG (RAW, L+1le, InKG, Sihyl12.3)

§ K-KG (RAW, ' Si| Te, InKG, Sibyll2.3)
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1023 ' : 1023 1 ’ L
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*  One model, but two selections:
Simulations okay, but strong differences in data
(similar result for QGSJet-11.04, EPOS-LHC, SIBYLL 2.3)

=» Muon component not sufficiently described
Sven Schoo, KIT, PhD 2016
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KASCADE-Grande and the Muon Puzzle (also for WHISP) s.c. arteagas icre 2021, icre 203 ST

18

¥ coordinate (m)

Karlsruhe Institute of Technology

Reference cosmic ray composition model:

200
C KASCADE array
100 a @ [ o
o HES H
E H = 9%
00— T ",
C Grande statlgnsE o o ® ""'T o
-200[— gd
a0 © . ° . £n5° 2°
2.25x10°m
400 o H o ) o &
-500F- ",
F @ & ., 0 ? io o
—E00— . .
F o
i , Fiducial area
=700—
Y P T BT N R R R S
-T700 -600 -500 —400 -300 -200 —100 O 100 200

e Obtained by re-weighting all MC simulations.

® All-particle energy spectrum and composition
adopted from GSF model [Dembinski et al,
PoS (ICRC2017) 533].

® Primary mass groups: H, He, C and Fe.

o GSF model using Auger energy scale
FEAuger/EGSF = ().87

—
o
W@
TT

E*® dob/dE [m? s sr1 GeV')

2
ry
o

™
T

85 9 _ 95
Iog1 0( E/GeV)

K coordinare (m)

Measure N,(E) from 10 PeV to 1 EeV for zenith

angles 0 < 40°
Re-weight MC simulations to the GSF
composition model (shift 5 )

Use for GSF model the Pierre Auger energy scale
Determine systematic uncertainties (5,
composition, Idf of muons, energy scaling, muon

correction function)

2 F a E
EICP? —es— Experiment § 108 E:‘__._ o+ Experiment
F —— —— QGSJET-1I-04 {before fit) u C ——
e —— o al —— —— Fit with QGSJET-I1-04
104 Prel 10%E
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3l — 3 ——
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Tuning-Jan2024, Andreas Haungs, KIT-IAP



KASCADE-Grande and the Muon Puzzle (WHISP) AT

Karlsruhe Institute of Technology

0<21.780 31.66°< 0 < 40.00
= 181 ® KASCADE-Grande = -18F — EPos-LiC ® KASCADE-Grande
O] B , O] - )
= F MC: Fe = F QGSJET-NI-04 MC: Fe
é}tg S MC: H %;11 9~  --- SIBYLL23d MC: H
= I e — e o
o [ = o S
O o % A - o s
214 21
po[ == EPOS-LHC . 22f
- — QGSJET-I04 g -
23 7T SIBYLL23d Preliminary 23f Preliminary
i— | | | | | | | | | | | | | | | | | | | I | L1 ‘ L1 | L1 | L1 | L1 | L1 1 | L1 | L1 |
7 75 8 8.5 9 . .
Iogm(E/GeV) Ic>g1 O(E/GeV)
---
.___} Hadronic models

J.C. Arteaga; ICRC 2021
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KASCADE-Grande and the Muon Puzzle (WHISP)

® KASCADE-Grande

-1.8

20

B =[0° 21.78°]

--+GSF model

=MC:H
8 =[21.78°, 31.66°]

—MC: Fe
6 =[31 .66°, 40.00°]

[ EPOS-LHC

[ SIBYLL 2.3d

7 75 8 |8.5
Iogw(E/GeV)

\\I‘
9

~NE

75 | 8 ‘8.5
Iogm(E/GeV)

\I\l
9

75 8 85 9
log ) 0(E/GeV)

KIT

None of the high-energy hadronic interaction
models studied here is able to describe
consistently the KASCADE-Grande EAS data on
Nu for all zenith angles and energies

KASCADE-Grande data (calibrated with Pierre
Auger energy scale) is (out of this 3 models) in
best agreement with QGSJET-11-04. Predictions of
EPOS-LHC and SIBYLL 2.3d are above the
KASCADE-Grande data for vertical EAS.

Attenuation of Ny with zenith angle is smaller in
data than in MC simulations, which is in
agreement with previous results on the muon
attenuation length (App 95 (2017) 25).

Measurements and expectations seem to be in
better agreement for inclined EAS

Observations could imply that the energy
spectrum of muons from real EAS at production
site for a given primary energy is harder than the
respective model predictions.



A.Haungs; ICRC 2023

https://kcdc.iap.kit.edu

Open Data # Outreach

« as open data serves for community and the research field and the society

» outreach profits from open data
« KCDC is a platform for both, open data and outreach

21 Tuning-Jan2024, Andreas Haungs, KIT-IAP


https://kcdc.iap.kit.edu/

Status of KCDC ﬁ(“.

What’s KCDC? E E

»>KCDC is a web-based platform to provide scientific data for the general public

»>KCDC is to archive original research data such as from KASCADE-Grande (and other experiments)

»>KCDC is to offer long-term scientific data for the community as well as for students and the interested public E ":11_
»KCDC is load on a sophisticated web portal !

KASCADe
A

»KCDC has in all aspects a FAIR (Findable — Accessible — Interoperable — Reusable) data management o
)

Q 2
What’s new? R A
https://kcdc.iap.kit.edu

»Independent Data Shops: Allows for Multi-Experimental Analysis

»Jupyterhub https://jupyter.iap.kit.edu, supports online, in-KCDC analyses

»KCDC accessible via Helmholtz Authentication and Authorisation Infrastructure (AAl)
»KCDC is now running on the operating system UBUNTU 20.04 LTS.

»The outdated ftp-download procedure is switched to a direct https-download

»KCDC provides extended simulations and published spectra

»KCDC provides online event displays
»KCDC masterclass for students and extended Tutorials via Jupyterhub PoS (ICRC2021) 1378
»KCDC has close partnership with the Cosmic-Ray DataBase (CRDB: https://Ipsc.in2p3.fr/crdb )

A.Haungs; ICRC 2023
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https://lpsc.in2p3.fr/crdb
https://kcdc.iap.kit.edu/

Conclusions — open points
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Light and heavy knee established
Light ankle most probably there

Difficult to compare experiments due to different observables (help by
radio experiments?)

Yet no conclusive result due to insufficient hadronic interaction models
Continuation in improving hadronic interaction models required
Largest problem: absolute mass scale

Confrontation of the data with astrophysical models still challenging

IceTop(-Gen2), TAIGA, LHAASO, GRAPES, TALE, Auger, NEVOD, HAWC,
SWGO

Cross-experimental co-operation needed for Cosmic-Ray Physics in the
Transition Region
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I run Monte Carlo
simulations.
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