Very/Ultra high energy cosmic rays

Measurements and interpreptation of the flux
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Ultra High Energy Cosmic Rays

o o Knee (PDG, 2011)
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Cosmic rays flux

galactic extragalactic

F (m¥srs Gevy'

@ 1963, John Linsley ( Volcano
Ranch) finds UHECRs

@ 1995, Fly's Eye detector
confirms the existence of
100 EeV particles

1° 1ot 10 10 107 10”0
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very high energies: 1 /km2 /10 afios
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Flux for different masses
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Low energy fluxes

Flux (m? sr 3\GeV)™

3

Proton flux (m™ sr's! GeV™')
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Magnetic field and East-west effect

East-West effect
Primary
Cosmic
Ray

Geomagnetic Field

© ©
East ~a—— = West
Cp

Forbidden
Trajectory

Allowed
Trajectory

Earth's magnetic field
Vincinity of poles: B =60 uT
Equator: B=30uT
R =3x10? % % krr T
Radius of curvature
smdller than radius of Earth
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Low energy fluxes

Proton flux (m™ sr'' s GeV™')
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Anti-correlation with solar activity

Smoothed Sunspot Number
Monthly Averages

\VIcMurdo, Antarctica, Neutron Monitor
Research Institute, University of Delaware
lay Averages - data through August 2007

965 1970 1975 1980 1985 1990 1995 2000 2005

YEAR RP, September 2007

Differential rotation of sun: reversal of mag. field every 11 years (full period 22

years)
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Nuclear abundances

Nuclear abundance: cosmic rays compared to solar system
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Nuclear abundances, heavy elements

Elements heavier than Iron or Nickel hardly produced in SN explosions

8 @ Simpson O ARIEL6 A
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O HEAO3 =
£ UHCRE X Tueller + Israel
—&— sol. syst.

Relative abundance of elements (Si
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Nuclear charge number Z
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Supernova remants

Observed galactic SN explosions
@ 1604(Kepler)

1572(Tycho)

1181 (Chinese astronomers)

1054 (Crab nebula)

1006 (CHinese and Arabian
records)

© 6 6 o

General arguments

~ 3SN / 100 years

©

Kinetic energy: ~ 10°! ergs

Qo
@ Rate and energy budget
@ Mass composition

(<)

Acceleration theory SN 1006
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Stochastic (first order Fermi) acceleration in SN

acceleration

Density
Ejeda
s (ISV)
Radius
I's
(Hillas, 2008)
40sm = Pshock
Hot compressed external gas
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Energy distribution at sources and Earth

Energy independent escape probability: Pesc
Energy gain per cycle: % =c
Energy gain after k cicles: E = Epe*

Number of particles for further acceleration: N = No(1 — Pesc)k

This lead to the flux of particles: N(> E) = ctE®, a = —In(1 — Pesc)/Ine

Numerical values: & =1 — dN/dE o E~2

Confinement in the galaxy (tesc ~ 107 years, energy and 1/Z dependent)
— dN/dE x E727

Comic rays at higher energies escape faster, have a smaller chance to interact

loana C. Maris
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Energy Spectrum at the Knee

Equivalent c.m. energy\s,, (GeV)
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Energy Spectrum at the Knee
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Enerov Snectritm at the Knee
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Energy Spectrum Above the Knee

'standard model’ of knee:
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Energy Spectrum Above the Knee

'standard model’ of knee:
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('polygonato’ model, Horandel, APP (2003))

loana C. Maris 14 / 55



Energy Spectrum Above the Knee

'standard model’ of knee:
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Propagation of extragalactic protons

redshift
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Propagation of extragalactic protons

redshift + (p+yomB > p+et +e7)

distance [Mpc]
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Propagation of extragalactic protons

redshift + (p+vyomB — p+et +e7) + (p+vomB — p + 7°)
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The 'Dip’ Model

(Berezinsky et al.)

0 Tibet&QGSJET 0n g
e GSIET o transition Gal-EGal
o AGASA Ex0.80 at 2nd knee ~ 1017 eV

2 HiRes I/ll
e Auger SD&FD, Ex1.15 , , )

o 'standard’ galactic
component

—

o
™
<

-
o
N
*
T T
|

o spectral features from
propagation

1 027

o steep source spectra

10% ..
(energy crisis?)

galactic+extragalactic
....... galactic (E =Zx3 PeV)
— CRPropa (yo=2.55, m=0)

Scaled flux E®* J(E) [km 2yr-'sr-1eV'4]

@ needs pure EGal p
(< 10% He)

10%

LU Covnl vl Lol \l‘MmH\ i
10" 10 107 10" 10" 10%°
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The "Ankle’ Model

(e.g. Bahcall&Waxman 2002, Wibig& Wolfendale 2007)

o Tibet&QGSJET

©  KASCADE&QGSJET
* AGASA, Ex0.80

2 HiRes I/ll

e Auger SD&FD, Ex1.15

—
o
™
<
T TR

o transition Gal-EGal at
several EeV
(the ankle!)

o needs powerful
galactic accelerators

-

o
N
*

1 027

10%E
E galactic+extragalactic

o meeee- galactic
— CRPropa (yo=2.20, m=0)

o flat source spectra

Scaled flux E®** J(E) [km 2yr-'sr-1eV'4]
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Propagation of extragalactic nuclei

10° .,\\ T T
X -
a4 N He
i 3 “..\\\ — -160 | 3
108 [ ==ugg]
[GDRwith UV ™~ N\ N\ |77 . .
102 [ photons % o photodissociation, e.g.
2ol A+~v—A—-1+n/p
= 10 ¢
= F GDR with far-IR
10° [ photons
3 \
E \
-1 YN\ e~ —
107 b hnTes m =
Pl )
102 [ GDR withCMB  BR with CMB]
E 0 photons photons
[ z=
10'3 L 1 1 I 1
6 7 8 9 10 1 12
log,,T

(Allard et al. 2008)
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Propagation of extragalactic nuclei

100%

80%

o photodissociation, e.g.
A+~y—=A—-1+4+n/p

@ beam composition changes
during propagation

60%

40%

secondary protons

20% pure source compositions
E, . =Zx 1077 eV

o
p=2.1 D,,=4Mpc

0% L L 1 1 I
18 18,5 19 195 20 20,5 21

IongeV

(Allard et al. 2008)

loana C. Maris 18 / 55



Spectrum with extragalactic nuclei

(Allard et al. 2005, 2008)

M\xecli cumpos;t\cm (at s‘uurces} ‘ Fe cmlly (at sodrces)
o | EnemZx107%ev 5 | Enum Zx 1077V
10 F p=23 E 10 Fp=24 E
?
10% L 10% L 21726 i
E s
i o 1327220
mB mB
(i L
102 102 | " _
9=Z=<12
18,4 188 192 196 20 20,4 18,4 188 192 196 20 20,4
log, E eV log, E eV
o transition Gal-EGal at around 108 eV
19 / 55
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Overview over transition models

Tibet&QGSJET

%
L

&3

I 4

sl o
10 galacticsextragalactic 1

galacticsextragalactic

—— galactic+extragalactic
eV)

Scaled flux E** J(E) [km Zyr-'sr-'eV"]
Scaled flux E* J(E) [km2yr-'sr-'eV’]
Scaled flux  E>* J(E) [km2yr—'sr'eV’4]

ic (E =23 P E galactic galactic
— CRPropa (7;=2.55, m=0) r mixed egal. (1,=2.30, m=0) ] — CRPropa (,=2.20, m=0)
sl 4 - 1 o | g
1o 1 L 1 L il i o 1 1 ! T i o L 1 ! L 1 i
10 10° 107 10" 10" 107 1010 107 10® 10" 107 1010 107 10° 10" 107
Energy [eV/particle] Energy [eV/particle] Energy [eV/particle]
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Pierre Auger Observatory

Physics goals: origin and properties of UHECRs
Data taking: since 2004, completed in 2008

Lidar, IR Carmera
. Pampa,
o

7 «| Loma Amarilla_f?
[Minas

E1 Sosneado

J El Salitral-Pta)
1_Virgen del Calmen

Pro &

Corpliri)~. E/ Salitral-Pro.0

Co. de las Cabras

Radio and microwave emissions
@ AERA, EASIER, MIDAS, AMBER

loana C. Maris
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o

4 Fluorescence detectors
@ 10% duty cycle

@ 27 telescopes grouped in 5
buildings

o field of view: (30° x 180°)

1663 water Cherenkov detectors
@ 100% duty cycle
@ 3000km?, 1500, 750 m spacing

@ distribution of particles on ground

Muon counters

o AMIGA
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Enhancements of the Pierre Auger Observatory

Infill array

0 750 m
4 1500 m

“® 0 ® 0 @ .
00 0 o0 0O
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' 0.8 0806 0 &

0.0 0 0 00
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Data sets at the Pierre Auger Observatory

SD vertical (6 < 60°)

-14|
-16

5—4: 1500 m array
o l energy threshold:
i AR E =3EeV

geometrical acceptance

\\\\\\\\
2 0 2 4 6 8 10 12

X [km]

SD infill (6 < 55°)

E
2

L L L L L L
32 30 28 26 24 22
x [km]

750 m array

energy threshold:
E =0.3EeV

geometrical acceptance

SD inclined (62° < 6 < 80°)

1500 m array

energy threshold:
E = 4FEeV

geometrical acceptance

Hybrid (FD + 1 SD station)

8

devation [deg]

RoveLroes

sl
OO 0N

 eraoveroerevel
OO
DD

120 110 100 9 80 70 60
azimuth [deg]

24 telescopes

energy threshold:
E =1EeV

acceptance from
simulations

loana C. Maris
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Air showers reconstruction

Event 201022604036, energy 72+ 1 EeV, 54 degrees LMt =2714
LA ————
M ———
LL L 2
sD — e
L R N R
E [EeV]
%‘140;—
(5] L
D120}
% [
& 100;
3 80
E F 5 eo;
% 10° tf\zr:llrvllg;eesrlng a0
§, £ —e— saturated L
D C —e— sat. recovered 201
S(1000) [
102? ofF P T R B
£ 500 1000
[ ¢ slant depth [g/cm?]
10 =
F 5(1000/450) — eierg, Fimator Energy: [Gaisser-Hillas +
. L ‘ \ ‘ ‘ J ‘ invisible energy correction
500 1000 1500 2000 2500 3000 (10% @ 1EeV, 8.5%@100 EeV)

r[m]
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How is the measurement of the energy spectrum done?

~ -

@ation in the atmosphere: Sgrouna(6) — S(0ret)

@alibration: S(Oret) @

———

Auger energy spectrum
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Attenuation in the atmosphere

inclined shower

vertical

ground level

Method of Constant Intensity

integral cosmic ray flux is isotropic (local coordinates)

do . do o dl
dQ dcosf d cos O Aer

= const

intensity | (events above Ey)
projection on flat array geometry: Acg = Acos@
dl

—— = const
d cos? 0
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Seround:Attenuation in the atmosphere

empirical function
second degree polynomial in cos® @
6 | degree|
50 60
QT T

Syouna(®) [VEM]

grmmd(e) = S(Qref)

B been b b b b b L NG
0 01 02 03 04 05 06 07
1-cos’8
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Seround:Attenuation in the atmosphere

empirical function
second degree polynomial in cos® @

6 |degree|

010 20 30 40 60 _
= ot e 2 2 =
i @
> 2
) )
- E
3 3
> w

RARRNRA
/

grmmd(e) = S(Qrsf) 10 -
B been b b b b b L NG L
0 01 02 03 04 05 06 0.7

1-cos’ 9
Physical interpretation

lian
N
HR
iR
N
P
w
N
R
-
131
P
o
P
~

Sground(0) = Ne.m.Se.m.(X(0))ge.m.(0) + NS, (X(0))81(0)

@ modeling of the attenuation of air-showers and of the detector response

@ sensitivity to electromagnetic to muonic ratio
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SD inclined events (62° < 6 < 80°)

€ _|
x 5
> 07
g @ only muonic component, muon
a0f density n, = f(x,yl|0, ¢)
-15F o energy estimator, Nig, proportional
200 to the number of muons and
25 | . independent of the zenith angle
T Nio(E, A) = N,/ N, (10 eV, p,6)
x [km] .
) @ reconstruction of events based on
JS A I A models for the muon density and
S — ++ - '++H+++++" on the full simulations (systematic
S A A A ” uncertainty Nig < 4% )
%100
é 50
2 X2/ nges =31.1/29 = 1.1
0 O.éO O.éS 0.90 U,‘95

sin?(6)
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Energy calibration for the surface detector

@ Energy calibration with events recorded by both FD and SD

@ High quality events ( + fiducial field of view)

103

+ S35/ 15VEM - SD 750 m
# S3g / 5VEM - SD 1500 m
Njg - SD inclined

loana C. Maris

1018 1019

Epp [eV]

102(

Calibration functions:
E=A.S5
@ SD 1500 m:

A = (0.190 £ 0.005) EeV
B = 1.025 £ 0.007

@ SD inclined:
A = (5.61+0.1) EeV
B = 0.985 + 0.02

@ SD 750 m:
A= (12.1 + 0.7) PeV
B =1.03+0.02
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SD energy resolution, 1500 m

obtained from the golden hybrid events

E > 3EeV 6 EeV < E < 10EeV 10EeV < E
= [Bliron
0.25) L] Bproton 0.25- ‘ 0.25) } v
--data +
02k 02f + + 02f [
0151 0.15F * 015k * +
o1 01 + o1 / +
0.05[- 0.05- + + 0.08[- * +
¥ 1, %
oba®e, o T a Ol e bl i hten
0406 08 1 12 14 16 18 04 06 08 1 12 14 16 18 04 06 08 1 12 14 16 18

Eso/Erp

O'SD/ESD = (16 + 1)%

Contributions:

[

osp/Esp = (13+1)%

@ shower-to-shower fluctuations ~ 10%

Eo/Erp

CTSD/ESD = (11 + l)%

@ reconstruction uncertainties 12% at 3 EeV and 6% above 10 EeV

@ corrections for resolution effects with a forward folding procedure

loana C. Maris
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Resolution correction through forward folding

— C
“9 5 —e— measured flux
B C
[{e) -
< "¢ true flux
A
\—II %
Nm L
|E 3? S5 EIERIFIISu
-~
£ L
N 2
L B
1+
T D R T i
184 186 188 19 192 194 196 198 20 20.2

IoglO(E leV)

Jmeas = P71 ‘R PJtrue

trigger efficiency P, response matrix R (air-showers and detector simulations)
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Hybrid exposure

Detector fully efficient above 1 EeV

a

g [

s 1= ~— =

e [

g L

B 080

] L,

2 06l

5 067 —— data

2 L

E -0 iron

2 4l

R

= T —&— proton

g 0

= L
L I I I I I
17 17.5 18 18.5

9 19.5
logm(E/eV)

Relative difference to mixed composition

—e— proton

—s~iron

rel. difference
o
D

b
¢
0.3
B
18 18.5 19 19.5 20
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Cross-check with SD data

8

P(EDISD)

data/MC

e

=3

=3

0.

>

R L R RN A u?‘

0.

ChLE sy

09
08
07

05|

[ Iproton

—— data

Il Il Il Il Il Il
£ nat 57116 3/ ndf 72116
po 093+0.02 po 0.91£0.02
p 4oty % i | |
' %‘ YT ! [ f
82 184 186 188 19 192 194 196 198 20

]ogm(E/eV)

32/ 55



Energy systematics

@ energy systematic uncertainty reduced from 22% to 14%
15% at 1EeV and 10% at 10 EeV

@ changes in the energy scale:

=30, i
&7 E 4 Fluor. yield + FD cal. + FD prof. rec. + Inv. ener. Absolute fluorescence yield 34%
& 25F + Fluor. yield + FD cal. + FD prof. rec. Fluores. spectrum and quenching param. 1.1%
= 4 Fluor. yield + FD cal.
2 20 4 Fluor. yield Sub total (Fluorescence Yield) 3.6%
&5
g Isf e mee—— Aerosol optical depth 3% + 6%
B E e —— Aerosol phase function 1%
sE } gth depend of aerosol scattering 0.5%
o - Atmospheric density profile 1%
S R + Sub total (Atmosphere) 3.4% + 6.2%
e T T T —— Absolute FD calibration 9%
-10
Nightly relative calibration 2%
1 1 1 1 1 1
B T R T T T R TR TR Optical efficiency 3.5%
1 E/eV . .
Ogm( V) Sub total (FD calibration) 9.9%
Invisible Energy Correction Folding with point spread function 5%
w* 30 + Hybrid Data Multiple scattering model 1%
3 — AvorageE,, . L N
g 25f Avorago €, systomatic orror Simulation bias 2%
‘% QGSJet01c Mixod Constraints in the Gaisser-Hillas fit 3.5% 1%
w20
" Sub total (FD profile reconstruction) 6.5% +5.6%
15 Invisible energy 3% +1.5%
100 Statistical error of the SD calib. fit 0.7% + 1.8%
Stability of the energy scale 5%
5|
TOTAL 14%
L I L L
8 185 19 19.5 20
Lo, €, Joh
loana C. Maris

14%

5.1% +7.6%

9.5%

10%
4%

22%
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Comparison of exposures

loana C. Maris

10°
E— SD 1500 m 82318 events
— 10%F--SDinclined  __________ 11074 events.
>\ L
H 11155 events
o~ ce®?® evescc e
§ 103?- Hybrid ..o'.
) I .
- .
2
Q 12} 'SD750m 20585 events
O UTE TS
> 3
(]
101 1 1 1 1 1
17.0 17.5 18.0 18.5 19.0 19.5 20.0

log,,(E/eV)

Exposures at 10 EeV: SD vertical 31645 km? sr year
Hybrid 1496 km? sr year

SD inclined 8027 km? sr year

SD infill 79 km? sr year
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Measurements of the energy spectrum

log (J I(m? stsrlevl)

loana C. Maris

E[eV]
18 19 20
-28 .\ T T \]\.O‘ T T \]\-0‘ T T \]\-9
r e
T % . ICRC 2013, preliminary
-30 j ° ° .
. [ ]
- . [}
-32 B ®e °,
i ¢ $
34 + + +
a6l —*— Auger, 750 m
-387—‘ Ll Ll Ll Ll L
175 18 185 19 19.5 20
IoglO(E/eV)

Y(0.3—4Eev) = 3.27 £ 0.02(stat) & 0.07(syst)
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Measurements of the energy spectrum

E[eV]
18 19 20
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3 T e . |CRC2013, preliminary
% '30 j L] He .
) - ‘e
N 2ol H
é 32 i 1 . ’
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175 18 185 19 19.5 20
IoglO(E/eV)
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Measurements of the energy spectrum

E[eV]
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Measurements of the energy spectrum

E[eV]
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3 T e . |CRC2013, preliminary
F'Ss '30 j L] He .
) - ‘u,
o 32 ] .
E e
2 t
= e ? ; F ? .
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IoglO(EeV)
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Combined energy spectrum

E[eV]
. 10" .o
g 18
H> C
F.'m 175 =
o} C
- —
17 .
o C
é 165
= -
™ -
a 16 r  ——— Auger,750m
\”_J/ - —e— Auger, Hybrid
o 155
o F  —=— Auger, 1500 m
£ 15 —+— Auger, SDinclined
F ‘Auger (ICR‘C 2013 prellmlnary) ‘ |
175 18 185 19 195 20

IoglO(BeV)
@ precise measurement of the spectral features (preliminary)

o v =3.2340.01, logyo(Eer/eV) = 18.72 +0.01
2 = 2.63 + 0.02, logyo(Ey/2/eV) = 19.63 + 0.01
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Comparison with other experiments

E[eV]
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energy systematic uncertainties important
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Overview of the spectral features
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Where do we start from

E[eV]
1018 10% 102
— Cr T T
N C
w 15
X C
<
b 1— % %
3 : +
05 ‘o 2
- vooe, RETLIT
N [N 2, a o »
(i *hag @t g
; 3
-0.5 [~ —e— TelescopeArray (6 years)
I —aA— TelescopeArray (5 years)
[ —=— Auger (1500 m) ?
1, T Auger (CRC 23 profiminary) Ll Ll ‘
175 18 185 19 195 20 20.5
IoglO(E/eV)

= Can the differences be explained by the systematic uncertainties and

differences in the analysis?
loana C. Maris
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Where do we start from

E[eV]
10" 10" 107
— C IR T LR
N C
W 15
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05—
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-l:— — ‘Auger (1509 m) ‘ ‘ ‘f
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= Can the differences be explained by the systematic uncertainties and

differences in the analysis?
loana C. Maris
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Energy calibration and systematic uncertainties

Telescope Array

Auger

2T T T T T T T —
E Hybrid events from all the three =
205E FD site events (BR/LR/MD) E E
20; . — }
- f 100+
>19.5— " - — E
8 f o ;
gle 19F- P A 3
E:m.s; -
E ] 1488 Events
1a:~ = 10: A=0.19+ 0.004 EeV
17_5; E L B =1.024+ 0.007
e L s $a567 0 20 2040 oo
%7 175 18 185 19 195 20 205 21 EFD [EeV]
SD, Iogm(E/eV)
Auger[%] | Telescope Array [%]
Atmosphere 34-6.2 11
Detector 9.9 10
Reconstruction 6.5-5.6 9
Stability of the energy scale 5 -
| Sub-total | 13 17 |
Invisible energy 3-15 5
Fluorescence yield 3.6 11
Total | 14 21 |

loana C. Maris l
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Invisible energy

— 20
X —TA
= 18  Auger (2013)
LIJE 1 Auger (prev.)
2
ur
1

=
o

N (o) Bee]
/

N NS N BRI B
(is 185 19

19.5 20
log, (E, /eV)

A
( Ein:ga_ Em) / Etotal [%]

9
E — B = Era
8; - olaleAuger
7
6
5-
ar
3:”\”H\HH\HH\HH\HH
18 185 19 1EI).5 EZO/ Y
og, (E_,/eV)

@ Auger (prev): mixed composition (H. M. J. Barbosa et al. Astropart. Phys. 22 (2004) 159)

@ Auger (2013): data driven (M. Tueros ICRC 2013 #0705 arXiv:1307.5059)

@ Telescope Array: proton composition (Astropart. Phys. 61 (2015) 93-101 )

loana C. Maris
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Fluorescence yield

1

o

041
s reconstructing Auger data with TA FY tructing TA data with Auger FY
204k ~ reconstructing TA data with Auger
5 0141 | AE/E = +12% 0.12 AE/E = -10%
o 013 * ., 019
f . £ | I
0.12f~ * Tt .t *
E ¢ 8
011 * ! o o1
0.1 E(TA-FY)/E(Auger-FY) — 1 = +12% o16f- E(Auger-FY)/E(TA-FY) -1 =- 14%
175 18 185 19 195 20 175 18 185 19 195 2
lngm(l:“m /eV) Log, (E . JeV)
E(TA-FY)/E(Auger-FY) - 1 | E(Auger-FY)/E(TA-FY) - 1
Auger +12% -11%
TA +16% -14%

@ Auger: AIRFLY (spectrum, absolute intensity, (p,T,h) dependency)

@ TA: spectrum- FLASH, absolute intensity- Kakimoto, (p,T)- Kakimoto

@ optical efficiency (=~ 2%), wavelength dependence of the Rayleigh/
aerosol scattering cross-section, FD-shower distance, Cherenkov fraction...

loana C. Maris
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Energy changes with TA settings

er

20.14
0.12

TIT T [T [T T[T T[T T[T [ TTT[TTT[T
—e— —0—
—— —0—
——— —O0—
——— —O0—
——— —O0—
e e - o
——— —o0—
—— —O0—

0.1

Enuge)/E,

' 0.08
)
0.06
0.04
0.02
0
-0.02

e daIa(E with TA FY, Emv)
PN daIa(E with TA FY)
callbratllon (FY,E )

T RS T B PR [V S S S (N S S WS N

18 18 5 19 9.5 2/0
og. (E eV)
10" Auger

= Using the TA FY and the TA invisible energy the Auger
energy scale would change by 6%
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Energy spectra

J(AxEY -1

0.5

-05

loana C. Maris
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I 0g, 0(IﬂeV)
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Energy spectra

E[eV]
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The ankle energy region

x10%
‘q\ [
> C
O 3L e Auger (TAFY adE, )
E’ F—— Telescope Array (6 years)
2 C
o 25
£ r
) r
T 2
151
R R R R B R R
18.2 18.4 18.6 18.8 19 19.2 19.4

| oglO(E/eV)

0 log,(Era/eV) = 18.70 +0.02 , log,o(Eauger, Taset/€V) = 18.71 & 0.004
® Y74 = —3.30 % 0.03, Yauger, Taset = —3.30 = 0.03
® y7a = —2.67 % 0.03, Yauger, 7aset = —2.63 £ 0.02
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Spectral features

EleV]
0

248F" T T ' T T
24.6
24.4
24.2
24
23.8
236
5 234
232
23
22.8

/

(E3J/(m? slsrlev?)

Iog

—e— Auger (TA FY and Em)
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+ Teleﬂ:opeArray (6 ?/ears) ‘ ‘ ‘ ‘

22, :
18.2 184 186 188 19 192 194 196 198 20 202

Iog (EeV)
Auger (TA FY and inv. en): Telescope Array:
71 = —3.30%+0.03, v1 = —2.57 £0.02 y1 = —3.304+0.03, 7» = —2.62 £ 0.05
lg(E;/eV) = 18.72 + 0.01 lg(E;/eV) = 18.71 + 0.02
lg(Ey/2/eV) = 19.64 + 0.01 lg(Ey/2/eV) = 19.88 + 0.06
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Normalizing the energy spectra (constant energy shift)

E[eV]
1019 1020
- r T T
&> C
W 15+
X C
< -
) 1
- i }é% % %
- *r e
05 & , PO
- A® 0 i, a0 +
O r A® Lo
- t
'0'5; —®— Auger (TAFY andE, ) (E x 1.070) +
-1:— A \ \ \ \ t +|
18.2 184 18.6 188 19 19.2 194 19.6 19.8 20 20.2
Ioglo(BeV)

= 7% difference on energy ( x?/ndof = 1.6)
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Normalizing the energy spectra (constant energy shift)

E[eV]
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= 7% difference on energy ( x?/ndof = 1.6)
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Energy dependent normalization

E[eV]
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o u T T
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lg(E) = a+ b-Ig(E), x*/ndof = 0.75(Prob = 0.85)
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Energy dependent energy scaling

©
N

0.18F-
0.16F-
0.14F
0.12F-

0.1
0.08F-
0.06F~
004 Auger syst.
0.02F —— TA syst.

e ey b b b b b b by by
184 186 188 19 192 194 196 198 20
IoglO(BeV)

A E/E (TA down and Auger up)

@ after using the same FY and invisible energy, dividing the contribution
naively in two

@ can we find these systematic uncertainties dependency?
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Is the TA hot-spot causing the flux differences?
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Declination dependent exposure

gxl0® : : gxle® : :
— Auger (01/2004 - 12/2012) — Auger vertical + inclined
7L - -TA (05/2008 - 05/2012) | 7L - - Auger vertical (01/2004 - 12/2012) |
-+ Auger inclined (01/2004 - 12/2012)
6} 4 6} = -TA (05/2008 - 05/2012) B
5 st 1 5 st 1
o~ ~
g {1 84 ]
o | = ]
w w
21 g 2+ g
1+ R L 1+ g
—100 =50 0 50 100 —-100 —50 0 50 100
6 [ [

o TA: 05/2008 - 05/2012, Auger: 01/2004-12/2012
@ Auger: divide the data set in four sky regions of equal exposure

o TA: divide the data in off/on-source and in two declination bands
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Auger energy spectrum in the common sky

E [eV]
10 18 1 019 1020

1038}

® Combined, high declination
® Auger (ICRC 2013 prel.)
v TA SD (ICRC 2013)

1 L

E*J(E) [ev?km2sr~1yr1]
%
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10% . . .
17.5 18.0 18.5 19.0 19.5 20.0 20.5
logyo(E/eV)

= No difference observed with the Auger data (0 < ¢ < 45)
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TA on/off sources, preliminary
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Common sky TA-Auger (0 < 26°), preliminary
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= indication for a flux difference (= 30)
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Summary

Features of the energy spectra
@ all of them indicate the acceleration and propagation mechanisms
@ changes of spectral slopes at the knee, ankle and a flux suppression
Still lots of things to solve
@ where is the transition from galactic to extragalactic component
@ is there a second knee? If so is it produced by Fe?

@ is there a flux difference between the North and South at the high
energies?
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