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Magnetic fields: Confinement in the Galaxy

A

log(Flux) diffusion limit

(isotropic arrival direction)

free streaming limit
(anisotropy?)

Observed spectrum softer than injection spectrum



Knee due to diffusion / escape from Glaxy

log(Flux)

A

diffusion limit
(isotropic arrival direction)

knee from change in
diffusion regime !

free streaming limit
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Diffusion: same behaviour for different elements at same rigidity p/Z ~ E/Z



Knee due to features of acceleration processes

SN remnant 1006 Iog(Flux)

Distance ~ 2.2 kpc

20 pc
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diffusion limit
(isotropic arrival direction)

knee from sources
(acceleration) ?

free streaming limit
(anisotropy?)

>

log(E)

Acceleration: same behaviour for different elements at same rigidity p/Z ~ E/Z



Exotic models for knee interpretation

The knee and unusual events at PeV energies

A.A .Petrukhin?

2Experimental Complex NEVOD, Moscow Engineering Physics Institute,

Kashirskoe shosse, 31, Moscow 115409, Russia

Nuclear Physics B (Proc. Suppl.) 151 (2006) 57-60

The appearance of the knee in EAS energy spectrum in the atmosphere in PeV energy interval and observation
of various types of unusual events approximately at same energies are considered as evidence for new physics.
Some ideas about possible new physical processes at PeV energies are described. Perspectives to check these ideas
and their consequences for experiments at higher energies are discussed.

E, ~100 TeV

log
(Flux)

New physics, the cosmic ray spectrum knee, and pp

cross section measurements

Aparna Dixit!, Pankaj Jain?, Douglas W. McKay?®, and Parama Mukherjee?

December 7, 2009

New physics: scaling with nucleon-nucleon cms energy

A

knee due wrong energy
reconstruction ?

spectrum of
sources




Limiting scenarios for origin and physics of the knee
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Particle physics:
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Alternative scenarios for origin of knee (i)

SINGLE SNR MODEL OF THE PRIMARY COSMIC RAY ENERGY SPECTRUM WITH He IN THE KNEE
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Alternative scenarios for origin of knee (ii

Biermann model
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Flux x E*™ (m? s sr)" (GeV)'"®

Update of direct flux measurements

(Seo et al, ICRC 2009)
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Air shower ground arrays: Ne-Npu method

hadrons electrs 71.00 - 10 ° sec

Example:
KASCADE-Grande (Karlsruhe)
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Air shower ground arrays: Ne-Npu method

hadrons electrs 71.00 - 10" ° sec Proton 10 " eV

21311 m

Combined energy-
composition analysis
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KASCADE

(KArisruhe Shower Core and Array Detector)

Area ~ 0 04 km2
252 surface detectors

,ﬁ,":ﬂ— e

. \i‘-:‘ -
= fﬁ.". ‘.k' .

"--J’y 1!"‘" > o {’ P
¥y e e ,&’Q

E by e 4“
" - _.’.).’ ﬂ o




KASCADE: - _1997 - 2002
KASCADE-Grande: 2003 - 2009

LR N s ™.
¥ P



Overview Central Detector:

hadron calorimeter
(hadrons, 50 GeV)

trigger plane

Array:

electrons p— - — (muons, 490 MeV)
muons (230 MeV) 1 . g WY ' muon chambers, LST
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KASCADE Hadron-Calorimeter

scintillation-
counters

Central detector

e e R G B o R G A o R G B B o S B lead absorber
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EH >20 GeV; 11 i

Liquid ionization chamber preamplifier housing ceramic signal feed-through
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Muon tunnel

limited streamer tubes
(argon — isobutane)

24576 electronic channels

E, > 800 MeV

144 m? x 4 layers
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Array detector station

252 Detector stations
200 x 200 m? array

e/y-detectors 490 m?

u-detectors 622 m?
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Electron and muon detectors

HYV and signal
connections

PMT

light collector

steel cone

filled with argon

liquid scintillator-

aluminium tray 1000 mm

1920 mm

detector
housing

plastic
scintillator

e/y - detector
(liquid scintillator)

muon detector

Electron detectors
time resolution 0.77 ns
energy resolution 8%
dynamic range 1/4 ... 2000 m.i.p.

Muon detectors
time resolution 2.9 ns
energy resolution 10%
uniformity better than 2%

lead/iron absorber

(plastic scintillator)



Particle density reconstruction in KASCADE
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Cross-check of shower reconstruction and simulation

e ot bttt

B E EHE I
Checkerboard analysis F*ii Flf$‘ oimo

e data reconstruction with every second detector
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Cross check of detector calibration and simulation
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Determination of electron and muon numbers

Q electrons
102
10 F
: |
1 l 1 L 1 l A 1 :I:
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core distance [m]
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Modified NKG fit, corrected for Ec > 3 MeV

Modified NKG fit, E, > 230 MeV
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truncated to 40 - 200m
effective age taken from simulations
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Mass composition as inverse problem (i)

- " = ‘5
= - - % Event selection
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Mass composition as inverse problem (i

v S
< F
2 s E hydrogen Event selection
72— * zenith angle B< 18°
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efficiency

efficiency

Determination of efficiency and fluctuations

Ny
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Efficiencies
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Parametrization of fluctuations
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Parametrization of effciency with fully simulated showers (no thinning)

Parametrization of fluctuations

* large statistics simulation, thinned showers
* fixed energies (E=0.1 0.5,2,5, 10, 30, 100, 300, 1000, 3000 PeV)

no. of simulated showers
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error in electron size Alg N,

Estimated reconstruction uncertainty

electron number

0.5 PeV, QGSJet muon number 0.5 PeV, QGSJet
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Contributions to overall fluctuations

@)
RMS calculated for quantifying fluctuations,
done for comparison only
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KASCADE analysis with QGSJET and SIBYLL

Available online at www.sciencedirect.com

scnsncls@.émnlsc'r® Astroparticle
Physics

ELSEVIER Astroparticle Physics 24 (2005) 1-25

www.elsevier.com/locate/astropart

KASCADE measurements_of ener ra for
elemental groups of cosmic rays:|Results and open problems
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OGSJet 01 - result
Description of data

forward folding of solution with

calculated probabilities, calculation
of how the data would look like

comparison between calculated

and measured data: y?
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SIBYLL 2.1 - result

7.5
Description of data
7

forward folding of solution with 6.5
calculated probabilities, calculation
of how the data would look like

5.5
comparison between calculated 5

and measured data: y?
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KASCADE: Composition in knee region (2005)
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KASCADE all-particle spectrum (2005)

5 assumed primary particle types: H, He, C, Si, Fe
3 different hadronic interaction models (QGSJet 01, QGSJet II, and SIBYLL 2.1)

~
S

N
|

W KASCADE, QGSJet 01 analysis

C{) 7% * KASCADE, QGSJet II analysis
S
i A @® KASCADE, SIBYLL 2.1 analysis
4 ANy AL

A

e 1T

| |
—K—
O

AUVAEX E?> [m=2 s sr1 GeV!?]
3.

— % RUNJOB  * EASTOP
_ A Tibet
- WJACEE A Hegra
| O Proton-3 ® Akeno (1984)
m CASA-MIA
B on CASA-BLANCA
O DICE |
]02_|| | Lol | Lo o | ! Ll
10° 10° 107 10°

energy £ [GeV]

(Ulrich et al,, C2CR 2005) 34



New analysis of KASCADE data (2010)

Same analysis methods

Same unfolding algorithm, but stop criterium optimized
Higher statistics in data

New version of CORSIKA

New low-energy model (Ei.» < 80 GeV) FLUKA

New versions of QGSJET and EPOS

Results preliminary, work in progress

Main contributers

2005: Holger Ulrich, see PhD thesis and Astropat. Phys. 24 (2005) |
2010: Marcel Finger, PhD thesis in preparation
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KASCADE data vs. QGSJET 01 and QGSJET 1l

QGSJETO1 QGSJETII

> (Nl_meas._Nl_rec.)2
@ X = >

o

o x?/ndf = 1.29 for QGSJETII and 1.34 for QGSJETO1

36



KASCADE data vs. EPOS 1.99 and SIBYLL

EPOS1.99 SIBYLL

> (Nlmeas._Nirec.)Z
*Xi = o2

o x?/ndf = 1.79 for EPOS1.99 and 1.77 for SIBYLL
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KASCADE: Composition in knee region (2010)
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KASCADE all-particle spectrum (2010)

R @ R & 4 @
ST 2R R ¢ e 4 ? é
O all particle spectrum QGSJET01/FLUKA

all particle spectrum QGSJETII/FLUKA
all particle spectrum EPOS1.99/FLUKA

all particle spectrum SIBYLL/FLUKA

| | | | | Ll I

|

|

|

|

| | Ll

Results preliminary,
work in progress

10’

1
primary energy [GeV

08

Good agreement between different spectra,
some difference between EPOS and other models found
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