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UHECR detectors: TA vs PAO

Telescope Array (TA), USA

ku.ac.ae 2

Energy systematic uncertainties:

/14% /21%
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¢ Auger, full fo.v.
§ TA full fo.v.
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ierre Auger Observatory (PAQO) , Argentina
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Why are there differences?
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Differences in spectrum after rescaling within uncertainties

E3 ) [GeVZ cm™2 s~ ! sr 1]

energy-independent shift

102 ]

101.

¢ Auger, full f.o.v.(E rescaled by +4.5%)
¥ TA, full f.o.v.(E rescaled by -4.5%)

New excess

Astrophysical origin?
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Telescope Array

Pierre Auger Observatory
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The idea: explain differences with a local source in the North

ener

y-independent shift
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The idea: explain differences with a local source in the North

energy-independent shift

ENew excess
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2. Local source in Northern hemisphere — TA only




. - > Heinze et al. (2019)

Interaction CMB and EBL
cross section photons

Detector

Air showers :
systematics

Physical Cosmological
properties evolution
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UHECR source assumptions

Choices following Auger Combined Fit (and many other papers):

Simple power-law with rigidity dependent cut-off

N
E -Y
]source_A(E) = Jafcut (E, Za, Rmax) <1O9GeV)
1 yE < ZpARmax
feut(E) = exp (1 _ ) v E > ZpARmax
ZARmax
y,
=1+2)™
Source evolution locally as :ezoll @=rs

Neyol (2) = 6(2)

| | | |

Five injected elements:
H, He, N, Si, Fe

See also presentation by Antonio Condorelli
And PAO 2017, Alves Batista et al. 2019,
Heinze et al. 2019

| | |

Main parameters:
m, v, Rnax, €lemental fractions

| | | |
Hadronic interaction models:

Sibyll 2.3c, Epos-LHC,
QGSJET-II-04
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Without and with a local source

Best-fit cases

No local source
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Local source of silicon-28 in the Northern Sky

¢ Auger, full f.o.v.
§ TA, full f.o.v.
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Isotropic source distribution
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Local source

Plotko et al. in prep.
Local source of silicon-28 in the Northern Sky

Composition assumption for local source: dominated by
one elemental group where it dominates the spectrum

Best-fit case:

« Dominant elemental group: Si
SIBYLL 2.3c

- Distance 13.913%, Mpc
« Luminosity 1.1+29 . 1042 €"8/,

The maximum rigidity 1.3192 . 10° GV

Dlocal [Mpc]

-1 0 1 2 10° 101 1011 1012

spectral index, y'oc! Rlocal [Gy]
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Local source Plotko et al. in prep.

Distance to the local source

Andromeda IPerseus-Pisces

l | 1. Intermediate to heavy elements
Fe E I mw y

| preferred.

He and H disfavored.
Si,ﬁl—%

= ‘ . Distance depends on the type of
| composition.

W N

|
|
|
He{ !
L : "4  Epos-LHC (10)
i @ Sibyll 2.3c (10)
Hi | M4 QGSjetll-04 (10)
|

[T T T T/
Dlocal [Mpc]



Conclusions

» Differences in the UHECR spectrum between PAO and

¢ Auger, full f.o.v.

TA can be explained by a dominant local source in the b TA full fo.v.

northern hemisphere. T M
+ 102 p—te :

« The presence of that local source is favored at the 5.60 7,

level compared to the scenario where both e
experiments observe the same isotropic UHECR flux. 3
 The best-fit case for the local source: 2 1
W 10° 1 —— Local source
* Source at < 23 MpC ——- lIsotropic source distribution _
« Emitting predominantly Si-group nuclei —— _— i |
10° 1010 1011
E [GeV]
900 H 70
4+ Auger, full f.o.v.
850. 4 TA, full f.o.v. N ;TT'G
IE é 5
5’800 Fe 2
= = '?Eg 40
X 750-‘:.::- < 30
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Isotropic source distribution only Isotropic source distribution + local source
SIBYLL 2.3C Epros-LHC | QGSJET-II-04 SIBYLL 2.3C Epros-LHC | QGSJET-1I-04 FlOtkO etal.

RES 0TS | OM0T | 0G0ngm | —0mston|  —0msrom | 0Ghy
= | RE%, (GV) 18702 % 10° | 25702 x10° | 25702 x10° || 1.8%02x10°| 20702 x10° 25702 x 10°
2 | i 3.6+06 <48 < -58 3.8+0:6 0. 6tg 67 < —58

8 | fa(%)

3 H| 000155’ 0.0075%5° 0.0055%5¢ 0.00+9%,% 0.0079%;58 0.0019%:91
2 He | 86.017333 | 88.80%03% 92.9810-2¢ 80.507% 5% 92.1370-39 92.7219-25
2 N | 13324573 10.5979%5 6.8710:2¢ 18.8010:54 7.7419:31 7.1519:20
E Si | 0s7HL | 061103 01479% | 068707 0134953 0.13+953
Fe | 001075%% | 00157057 | 00057952 | 00127952 | 0003735 | 0.005%%5%2
g isotope silicon-28 silicon-28 nitrogen-14
5|7 < -1.0 <-1.1 <-11
g R (GV) 13103 x 10° | 2.3703 x10° | 25705 x 10°
A | LEE (erg s71) 1.112:9  10%2 | 7.3715,0 » 10" < 1.0 x 10*°
D'**! (Mpc) 13.91“*1’;3_9 11.319.3, <414
8 PAC’(‘7‘) -11.6%55 | —8.97i5; 10.870 ~11.79% —9.5%0 10.915
2 | 0B (%) —205%5% | —18.3%5% 10.870:3 ~10. 7*0 7 _17.6193 11798,
ﬁé: 5{;}2“) (%) —25123 —100.0%) — 100t3 —2612% —10019 —100*9
B | O Xrma) (%) 18113 —18135 —47+2 99+13 19+ 3140
85 (mae) (%) 50728 50718 10079 5672 _73t1! 100*2
00 (¢ as) (%) —417, —90%3 343 —83+1° ~10079 _gt0
x?/d.o.f. 109.1/44 130.4/44 269.6 /44 67.6/40 87.8/40 239.6,/40
Favored vis-a-vis 5 6o - 6o

isotropic-only
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Local source Plotko et al. in prep.

Distance to the local source Energy loss lengths
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Joint TA/PAO group for UHECR spectrum

No shift

fi(u

101 |

E3 ) [GeVZ cm™2 s 1 sr1]

PAO and TA see the same part of the sky

¢ PAO, -15.7° <6< +248"

¥ TA -150°=b6=<+248°
10° 1010 1011

E [GeV]

PAO and TA should observe the same spectrum? .
Joint spectrum group

(ICRC 2017, 2019 and 2021)
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Joint TA/PAO group for UHECR spectrum

Energy-independent shift:
Enew = 1+ 4‘-50/0)Eol

E3 ) [GeVZcm=2stsr1]

Energy-independent shift

102 ]

' PAO, -15.7° <6< +24.8°
(E rescaled by +4.5%)

TA, -15.0° <6< +24.8°
¥ (E rescaled by -4.5%)

10°

10'10

' ' E [GeV]

10'11
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Joint TA/PAO group for UHECR spectrum

Epew = (1 + 4.5% £+ 10% - log4 (

Eoq

1010 GeV

Eoa

Ersl,ew *Jnew = <1 + 4.5% £+ 10% - log1g (

1010 GeV

)) Foud

)) -

E3)[GeVZcm™2 s 1sr 1]

3
old

Energy-dependent shift

102 ]

101 ]

. 1 ioi°‘.‘.'.+’
* o o *

PAO, -15.7° =6= +24.8°
(E rescaled by +4.5% & +10%/decade)

TA, -15.0° =6= +24.8°
(E rescaled by -4.5% & -10%/decade)

i

+

H

10°

*Jold

1610
E [GeV]

10'11
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Joint TA/PAO group for UHECR spectrum

Declination-dependent shift?
— Physics behind the shift?

E3)[GeVZcm™2 sl sr 1]

Energy-dependent shift

102 .

Auger, full f.o.v.
(E rescaled by +4.5% & +10%/decade)

TA, +248° <6< +90.0°
(E rescaled by -4.5% & -10%/decade)

1610
E [GeV]

10'11
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Local source, proton and iron elemental groups

protons iron-56
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Local source, helium and nitrogen elemental groups

helium-04
iINew excess
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Parameters: xtest:
iso iso iso 1so iso iso 2 2 iso ¢PAO ¢PAO PAO
A — ( Rmax? CR» A ) XPAO - ><];)AAx()(A ) 5E ) 5<Xma,x> ) 50'(Xmax)).
local __ local local local 7 local local 2 .2 iso local (TA
A = (7°, Ryas, DO, Lo, A1) . XTa =Xta (A%, XL 6EY L6 v 60k )

6 represent the systematic uncertainties

iso local
leobal()\ ; A ,0) =
5PAO 2
2
XPAO +( PAO) +
PAO PAO
+ 5<Xmax> 5G(Xmax)
100% 100%
2 e N
XTA W (O’TA ) £

E

2 2
+ 5<XmaX> + 60'(XmaX)
100% 100% |
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Energy-independent shift Plotko et al. in prep.

* No Local source

No local source

No local source : -
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Energy-dependent shift

No local source Local source of iron-56 in the Northern Sky
INew ex A=1 ! -
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Energy-dependent shift

No local source

SFR evol.

source evolution, mis®
o

-1 0 1 2
spectral index, ys°

Local source of iron-56 in the Northern Sky
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8
6 |E
4 | > 9
g8
2 oC
SIBYLL2.3c iron-56
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g
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> g 100 10! 8
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-4 3
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, -6
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)ﬂ( Khalifa University &_o114d aola Indication for a local UHECR source in the Northern Hemisphere 27 July 2022 ku.ac.ae 26

PriNCe

Propagation including Nuclear Cascade

Heinze et al. (2019)

eeET

*  Written in pure Python
using Numpy and Scipy

« Directly solve the transport equation

» Large speed boost from
sparse matrix algorithms

Public available Analysis tools for
parameters scan
(https://github.com/joheinze/PriNCe)

Developed at DESY

>28 models — >200 different scenarios



