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Probing Local UHECR Sources with
Nuclei + Gamma-Rays




Talk Structure

Using Nuclei

1) Measurements of UHECR by the PAO

2) Implications for UHECR source requirements

Using Gamma-Rays

3) Their birth + death in regions surrounding the
source

4) What current PAO Gamma-Ray limits already tell us
about the sources



Part 1: Nucleli



MEASUREMENTS of UHECR by the PAO
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MEASUREMENTS of UHECR by the PAO
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Nuclei Propagation Away from their Source +
their Transmutation
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Nuclei Propagation Away from their Source + their

Silicon only?

< 100
= Eax, 5=114/26)10%75 ev
= S a=1.6
‘v 10 Rt 9 100% Silicon S
o | g
& i g’ A o
> .t
o ' i* "\E
S o1 %3
NI.U 0.01
18.5 19 19.5 20 20.5
log,q Energy [eV]
< 100
k- . Epmax, Fe=10°" &V
— AT T a=1.6
' 10 s 100% Iron
o ‘\N\
= ¢
sl |
3 i
£
m {
T 01
=
o
MW 001! : : -
18.5 19 19.5 20 20.5

log,o Energy [eV]

Transmutation

5 Auger 2009 —e—

“Iron

18 18.5 18 19.5 20
log,o Energy [eV]
850 | Auger 2009 —e—

@
o
(=]

Km0 cm'2]
3 a
f=] (=]

[s}]
]
[=]

19.5
logyo Energy [eV]

18 18.5 19

80

o
£ 70
Q

o, 60

~ 50
£
o 40
o 30
=
o 20
10

Auger 2009 —s—

protons

Iron
18.5
log,, Energy [eV]

18 19 19.5 20

Auger 2009 —e—

protons

H+ {

H
Iron
18 15‘3‘5 1.9 15‘5 20
log,o Energy [eV]



urce + their

Nuclei Pr

A=56
A

=55 -

A=5Q oo
A=45 o

A=40 -
A=35

A=30 -
A=25 -eoroeneee
Yo R —
A=15

A=10 -~

©
o

© .
o o

uoinoel) BuiniAInS




IMPLICATIONS for UHECR Sources
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IMPLICATIONS for UHECR Sources
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Photo-disintegration threshold:
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IMPLICATIONS for UHECR Sources
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IMPLICATIONS for UHECR Sources

SinCe, 7, Edd. pEdd. M 1/2
~COCRy — 4 x 103 (—) eV?

A Mg
Only heavily sub-Eddington

power objects need apply!

If magnetic + photon luminosity

are in equipartition: -==== \-/VTA-RI:IING:

RLa,mmﬂ.(lO20 eV Fe) ~ 0.1 kpc
/ tacc ~ l?uLaurmor/0/62
Requiring, B <4x107°G

L., =~ BR*B*



Part 2: Gamma-Rays



Gamma-Ray Production
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Gamma-Ray Production
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Gamma-Ray Interaction
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The Halo Around Heavenly Bodies
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The Halo Around Heavenly Bodies
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The Halo Around Cen A

Auger data (2007) —.—
analytic comparison

Source at 3.8 Mpc:
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Conclusion

The dominance of nuclei at the highest
energies provides useful new information
about the nature of UHECR sources

Regions close to luminous objects are
excluded as UHECR sources, favouring
slow acceleration scenarios

UHE photons can provide a useful probe of
local sources

Applied to Cen A we expect an UHE photon in
5 years, if 2 UHECR in the PAO 57 UHECR
set originated from Cen A.



Extra Slides



n
Gamma-Ray Interaction
o
E
2|
b?-%n
3| ' ' CMB radio bac:,kground (Ilow radio)l |
10 Clark et al. radio background (Ciark radio) ---------
8 Protheroe & Biermann radio background (P & B radio) - o - - g oo
p
= Ty—~2e'e’ E’, [eV]
— A2
c 10
e
o
C
e
;
c 10
9o
©
© 0 v [Hz]
o 10 ;| 100 107 10® 10”10 10'" 10" 10" 10™ 10"
-— 10 T . gl T T T T T
c PB field
-_ 102 Clark field ——
10 . . . . . . 5 10'
18 18.5 19 19.5 20 20.5 21 21.5 LE) 10?
O (a2
\2}_103
10°
-CL -4
w10
10°
10

10% 10% 107 10% 10% 10* 10® 10% 107 10° 10

E, [eV]



10000

The Halo Around ...; .. P
1000 . protons <, Auger data (2007) —e—
Cen A — 100 ¢ . Source 850358 Mpc 4
e o Enax=10"""eV
= 10 ¢ 3
) ]
A 1
Q 0.1 ]
[4v]
am 0.01 E
0.001 E
0.0001 - '
18 18.5 19 19.5 20 20.5 21 21.5
log4oE [eV]
10000 3 T T T T T T T
§ Te. Emax=1050 @V --mer
i e E".I X=1O eV
1000 Ee protons . Auger data (2007) +—=— 7
— 100 * . Source at 3.8 Mpc 3
' i : * o=2
= 10 ]
m ]
A 1
S
-|CI—-J 0.1 ;::=::::::::::::::::-—~ E
m F
am 0.01 3
0.001 3
0.0001-....|..‘.|.‘..|...‘|‘:§..‘.|..\... Ny
18 18.5 19 19.5 20 20.5 21 21.5 22

logoE [eV]

22



The Cosmogenic Neutrino Flux
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Ratio Between Photo-Pion and
Photo-Disintegration Rates (2)

with,

o, =omb,E, =% MeV,A, =100 MeV

and

o, =81 mb, E, =18 MeV,A, =8MeV

therefore O,
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