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Interpretation- \What Does this Mean
for Source Composition?

Assume Source
Energy Distribution:

dNcr —a,_—FEcr/Ecut
dECR OCECRe CR/ cu

Spectral index o and max energy Ema.x are
considered in the range:

lo<a<24
1020 eV < E. . < 10%% eV

+ Assume Sources have a uniform Spatial Dist.
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lIron Only Composition?
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Cause of difficulty in fitting both (X .« ) and
RMS (X max ) simultaneously for Iron



Silicon Only Composition”?
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Nitrogen Only Composition?
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Nitrogen Only Composition?
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Other Handles on the
UHECR Composition
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Other Handles on the
UHECR Composition
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Other Handles on the
UHECR Composition

lron (Z=206)
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Qther Handles on the
UMK CR Composition

Nitrogen (Z=7) Silicon (Z=14) Iron (Z=26)
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Summary
If pure composition at source is assumed:

Heavy(ish) composition required;
Difficult to get good agreement with Iron
only composition to both (X,..) and

RMS(Xmax) data;

The presence of a ~0.1 nG extragalactic
magnetic fields can help improve fits;

The UHECR photon fraction has some
potential to differentiate the composition.
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Mixed Composition Scenario”?

50 % protons + 50% Silicon
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Proton Only Scenario Still Possible?

Change Interaction — work by Ulrich et al.

Properties: (Karlsruhe)
astro-ph/0906.0418

1) cross-section
2) multiplicity
3) elasticity

Modify these properties with logarithmic scaling
from values at 10" eV



Change Interaction Properties: 1) cross-section

[g/cm?]

<X ax>

850

800

750

e Auger
= Fly’s Eye
& HiRes

700~

650

600

550

T __ SIBYLL, original

et

¥
]
(LA
||||||
g
wh

i1
i
L
]
LA

uhih
......
Wl
(LN

i N
llllllll
1111111111
I..-lill'." "': = -
iiiiiii
-

put?

it
11111111
W

SIBYLL, cross section(10'%eV) x 1.2
-=+ SIBYLL, cross section(10'%eV) x 1.4

=== SIBYLL, cross section(10'’eV) x 1.6

1 DED
[eV]

10"
Energy

1013



[gem

Ch

allenge for this Inter

pretation- muons

RMS X,

- ] =1 -
920 ®* cross section < 7.98
L T e — et
900 = multiplicity =4 7-98E L
ssof- o s+ elasticity % e
=R 7.92F .
geo- M- A % of A
840— 7885_
820} . 7.86| : 'NL‘
800f— .- 2 84l e
S . @ R - 5 T
7801 . 7.82—
C ‘e RN | -
760— . “a 7.8
~ ) ~
740 7.78
'I")n:E 1 1 1 1 1 1 "—"‘1 g:¥g_: 1 1 1
110 < - T
- 2 011 1
- (o)) !
100 o - -
n n 01
90— E [
sof C o.09
= .‘ i - ¢ i
70 :_ ‘l.‘. l):' 0.08 :_ i .
- " T Iy F 3
60— Y Y% 0.07}- N 2 _,!._:9. ......
- T LI R . - S .
sof- W--g-oeoemeee ! """ g te L 0.6/~ PRty ¢
= Foooeme * . ° = 'y
40— e 0.05—
- ° * -
30__ 1 1 1 1 1 1 1 I| 1 1 1 0.04:_ 1 1 1 1 l 1 1 I| 1 l 1
02 03 0.4 1 2 3 4 6 02 03 0.4 1 2 3 4

- O1F



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23

