CTA as a Probe of Extragalactic CR Sources
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Where Does Extragalactic Begin?
Anisotropy constraint: Giacinti et al. (2011), 1112.5599

1 Pierre Auger Collab. (2012), 1212.3083
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Candidate Sources- Basic Argument Hasn’t Changed!
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EBL Attenuation
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Cosmic Ray Proton/Nuclei

Interactions ®
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Loca

| Scales Effect Highest Energies:
_ Analytic Treatments
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How Far is the Nearest Source?

Silicon- L<60 Mpc

Iron- L<80 Mpc

De Marco et al. (2006), 0603615
Taylor et al. (2011), 1107.2055
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: x
HESS Coll. Nature 531 (2016) 476 GaIaCth Center- Sgr A
* Analysis of Sgr A* ‘point

source’ at Galactic center
* Inflection evident in
spectrum around 100
GeV revealing presence
of new hard component
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5 Further Questions:
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Max Energy on Smaller Scales of Cen A?

Hardcastle et al. (1103.1744) HESS Coll. TeVPa 2018
2.8 kpc
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Other (Local) Candidates- GRBs

New Information About sGRBs

Acceleration within remnant timescale
constraint (t...< 100 days)

acc

[B > 0.02 mG}

Absence of break in synchrotron emission
spectrum up to X-ray energies constraint

{B<2mG}

...alternatively, synchrotron emitting
electrons may be always “fresh”, or the
injection spectrum from the source may be
very hard and the electrons observed cooled
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The Origin of Protons Below the Ankle

[SFR evolution scenario}
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Future Probes- Cutoff Region
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Cut-off Generation- A Simple Case

 Bohm diffusion (q=1) + only escape results in simple
exponential cutoff.

 Some simplifications to the transport equation:

R AR e B /p
\ /

Steady state No losses Delta injection

0*f 3 0f 1

St oo - f = o(p)

dp? pdp \Do7o
Cutoff comes from balancing - — -
1t and 37 term f oc Ae”P/P

q=1,r=0, - Be=1
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Cut-off Shape- Emission Dependence

dN F _(Ee/Emax) dN
dE. dE,

Recall generally,
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Different emission processes dictate different
relation between electrons and gamma rays
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Good measurement of
gamma ray cut-off can
give insight into the
acceleration
environment

DESY.



Observation of Cut-offs in Gamma-ray Spectra

¢ an BrlghteSt AGN Flare' Parameter I'=1.2
3C 279 June 2015 N [ph/em®/s/CGeV]  (2.8798) 10~
I (fixed) 1.2
_ w07 1 E.[GeV] (8.4%5%) 1073
E B, 0.27 + 0.02
S 1 E. (fixed) [GeV]
T B,=0.27 +0.02
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Conclusion

Nearby extragalactic cosmic ray sources must exist

Further probe of the Galactic center still needed to
understand nature and limitations of source

The probe of nearby candidates is helping to put the
pieces in place about how these accelerators operate

The time domain holds key potential for probing sources,
which CTA is particularly suited to take advantage of

CTA Symposium- Andrew Taylor
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A Simple Case (ll)- g=1, only escape

* Rearranging the terms (and explicitly stating the
dependences from p of the parameters):

T D T - — Tesc X

0*f 3 0of 1

St - f = o(p)

dp? pdp \Do7o
Cutoff comes from balancing - — -
15t and 3" term foc Ae p/P

Recall generally, e=2—q-—r

q:]-a I':O, — Be:]-
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Observation of Cut-offs in Gamma-
ray Spectra

e Test case- Vela Pulsar (brightest source)

10°® dN X E_Pe_(E’Y/EmaX)BW
dE,
Né e | Parameter Value
?10.10 | N [ph/cm?/s/GeV] (1.39“:8:}%) 107°
_UOJ 5720.464:|:0.009 r 1.019 £ 0.011
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— Vela PSR - best fit
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Romoli et al., Astropart.Phys. 88 38-45 . ote ) C. ¢ met od used to explore
2017 good-fit’ region. This has the benefit of
( ) . being stable on the landscape being
/ ) explored
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Observation of Cut-offs in Gamma-
ray Spectra

* Brightest AGN Flare- Parameter Value
N [ph/cm?/s/GeV]  (4.7%735)107°

3C 454 Nov 2010 . s

Lot 1 E. [GeV] 11155
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. Energy [GeV]  Spectrum variable during the flare -
Romoli et al., Astropart.Phys. 88 38-45 >2uperposition ef-fects?g
(2017) '
/l
‘> ermi CTA Symposium- Andrew Taylor
20 DESY.

aaaaaaaaa



Flux [ph/cm?/s]

»
o

-
U

w
o

N
n

g
o

=
U
1

=
o

0.5 1

XXXXX

3C 279 June 2015 Flare-

Temporal Evolution

|

¢ ! i
Wt g

W
£
(V]
2
A
L
2
=
el
pt
¢
X
L)
¢ “....“ﬂ

0.0 T T T T T : {
57184 57185 57186 57187 57188 57189 57190 57191 57192

MJD

10°8

=
<
©

=
<
-

0—11
1071

CTA Symposium- Andrew Taylor

21

10°

Energy [GeV]

10!

102

DESY.



=
9
o]

10‘10-;

E? dN/dE [erg cm™2 s71]
=
<

10‘12—;

Can We Do Better Already?
Fermi + H.E.S.S.II Fit

| - o o

Fermi-LAT
H.E.S.S.
H.E.S.S. deabs.

best x? fit
MCMC - 10 contour
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Parameter MCMC fit
logqg No [ph/cm?/s/GeV] (=4.751091) x 1075
r (1937531
logyy Ee [GeV] 0.13%1:33
B, 0.34557

e Joint fit of Fermi-LAT

data (9 hours centred
on HESSII obs.) taken
on night 2

. 0.32
By =0.34757]
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Cut-off Shape- Electrons & Photons
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Integrand-
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Further Acceleration Further Out?

Bscat Diagram taken from Ferrari -1998
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Future Probes-
Temporal Structure

Possibility that emission comes
from much higher energy emission

(potentially from proton

Mean time delay 1, sec
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