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Transition Models
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(ii) GW-CRs or preferably WR-CRs which dominates at
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extra-galactic component expected from strong radio galaxies or a source population with similar cosmological evolution, the WR-CR scenarios predict a transition from Galactic to extra-galactic cosmic rays at around (6−8)×108 GeV,
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Grand-unified
model
6.1. SNR-CRs
The maximum contribution of the SNR-CRs to the allparticle spectrum is obtained at a proton cut-oﬀ energy
of ∼ 4.5 × 106 GeV (see Figure 2). Such a high energy is
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Fig. 8. Mean logarithmic mass, ⟨lnA⟩, of cosmic rays predicted using the three diﬀerent models of the additio
component: WR-CRs (C/He = 0.1), WR-CRs (C/He = 0.4), and GW-CRs. Data: KASCADE (Antoni et al. 200
(Berezhnev et al. 2013), LOFAR (Buitink et al. 2016), Yakutsk (Knurenko & Sabourov 2010), the Pierre Auger
(Porcelli et al. 2015), and the diﬀerent optical measurements compiled in Kampert & Unger (2012). The two sets of
correspond to two diﬀerent hadronic interaction models (EPOS-LHC and QGSJET-II-04) used to convert Xmax valu
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within the large systematic uncertainties of the measurements, at energies above ∼ 107 GeV, the GW-CR model
deviates from the general trend of the observed composition
which reaches a maximum mean mass at ∼ 6 × 107 GeV,
and becomes gradually lighter up to the ankle. However,

that the essential high-energy features of the

Thoudam etspectrum,
al. 16that is the ankle and, in part, eve
ond knee, can be explained by propagation eﬀec
Zirakashvilli & Ptuskin
galactic protons17
in the cosmologically evolving

background (Hillas 1967; Berezinsky & Grigo

Discovery of Binary Neutron Star Merger (2017)

Astrophysical Journal Letters, 848:L12 (59pp), 2017 October 20

Abbott et al. 2017 ApJL

Abbott et al.

“concordance” picture
- gravitational wave
- gamma-ray burst
- kilonova/macronova
- X-ray/radio afterglow

re 2. Timeline of the discovery of GW170817, GRB 170817A, SSS17a/AT 2017gfo, and the follow-up observations are shown by messenger and wavelength

“Tale” of Past Galactic Neutron Merger Remnants?
•

GW170817 confirmed
transrelativistic ejecta w. V~0.2-0.3c
-> Epmax ~ 30 PeV >> knee
TA,
Auger,
KASCADE-Grande
TALE
FD spectrum
TA 2018

transition

1016.22 ± 0.02eV 1017.04 ± 0.03eV

second knee

Do we have a significant
contribution from irons?

Kimura, KM & Meszaros 18 ApJ

(See contribution by T. AbuZayyad and C.C. Jui)

TALE spectrum:
second knee at ~1017 eV
break at ~1016.2 eV

Gamma?
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Gammas?

GP-300?

KASCADE-Grande 17

• Ideal to have surface
arrays
• Important to cover
1017-1018 eV

Fast
Radio Bursts
o Bursts (FRB):
An Overview
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FRB Characteristics
• DM~500-1000 cm-3 pc
⇒ dL~2-6 Gpc (z~0.5-1)
frequency-dependent DM

Katz 18

• Sν~0.2-30 Jy ⇒ Eiso~1039-41 erg
• High brightness temperature
⇒ coherent emission mechanism

Figure 2: Distribution of FRB discoveries on the sky in Galactic coordinates, replotted from
[16]. The thick black line is the horizon limit of the Parkes radio telescope in Australia, the so
most (SUPERB uses the Parkes telescope and UTMOST is at a similar latitude in Molonglo, Au
of the detections. Nearly all the discoveries were made in the Southern hemisphere, with the exc
of one each from Arecibo and Green Bank (GBT). Once allowance has been made for sky co
there is no evidence for anisotropy.
expected, unless very close, to be strongly concentrated near the Galactic plane, as are
but no such concentration is evident for FRB.

• Observed width δt ~ 1-10 ms
⇒ cδt/(1+z) < 300-3000/(1+z) km

• One FRB (121102) has been observed, over several years, to repeat. This permitted accu
a small fraction of an arc-sec) interferometric localization and identification with a dwarf
with rapid star formation [17, 18, 19, 20]. This galaxy has a redshift z = 0.193, demo
ing cosmological distances (and a significant near-source contribution to its total DM o
parsec-cm 3 [22]). There is no direct evidence that non-repeating FRB resemble the rep
everything other than repetition (and rotation measure, discussed later), but their other
ties are similar [10, 11, 21, 22] and Ockham’s Razor suggests that they are members of th
class of object, di↵ering quantitatively but not qualitatively.

• Rate ~ 104/sky/day~10-3/yr/gal
⇔ supernova rate 10-2/yr/gal

(Credit: Jim Cordes)

Discovery of Host Galaxy of FRB 121102
Chatterjee et al. 17 Nature

Tendulkar et al. 17 ApJ
6

•
•
•
•
•

Tendulkar et al.

a position and e↵ective radius, taken as the Gaussian
, consistent with the Sérsic profile convolved with the
point-spread-function. The results of the fits are shown
in Figure 3.
The position and extent of the host galaxy, as approximated with the two-dimensional elliptical Gaussian
profile, agrees well in the r0 and i0 bands (semi-major
axis a = 0.00 44 with ellipticity b/a = 0.68), while the
z 0 -band has a slightly o↵set position and appears larger
( = 0.00 59 with b/a = 0.45). We attribute this di↵erence
to the fact that the the r0 and i0 bands are dominated
by the bright emission lines of H↵, H , [O III] 4959
and [O III] 5007, while the redder z 0 -band traces the
continuum flux of the host galaxy. As such, the morphology suggests that the host galaxy has at least one
H II region at a slight o↵set from the galaxy center.
Finally, the bottom right panel of Figure 3 plots the
Gaussian centroids on the International Celestial Reference Frame (ICRF) through the astrometric calibration
of the r0 , i0 , and z 0 images against Gaia. The positional uncertainties in each axis are the quadratic sum
of the astrometric tie against Gaia (of order 2 mas) and
the centroid uncertainty on the image (between 20 and
50 mas). The Gaia frame is tied to the ICRF defined
via radio VLBI to a ⇠1 mas precision (Mignard et al.
2016), much smaller than the centroid uncertainty. We
find that the position of the persistent radio source seen
with the EVN at an observing frequency of 5 GHz with
a 1-mas precision (Marcote et al. 2017), is o↵set from
the galaxy centroids by 186 ± 68 and 163 ± 32 mas in the
line-dominated r0 and i0 images, and 286 ± 64 mas in the
continuum-dominated z 0 image. Though o↵set from the
centroids, the persistent radio source is located within
the e↵ective radii of the di↵erent bands.

Figure 3. The top left, top right and bottom left panels show respective 7.00 4 ⇥ 7.00 4 subsections of the GMOS r0 ,
i0 and z 0 images, centered on the optical counterpart to
FRB 121102. Each image has been smoothed by a Gaussian
with a width of 0.00 2, while the plus sign and ellipse denote
the position and extent of a two-dimensional Gaussian fit
to the spatial profile of the counterpart. The i0 -band image
also shows the narrower Sérsic fit by galfit. The bottom
right panel combines the positional and morphological measurements from the di↵erent bands on an astrometric frame
of 100 ⇥ 100 in size. The colors are identical to those used in
the other panels. The large ellipses denote the extent of the
Gaussian and Sérsic fits, while the small ellipses denote the
1- absolute positional uncertainties. The location of the
persistent counterpart as measured with the EVN at 5 GHz
by Marcote et al. (2017) is represented by the black cross.
The uncertainty in the EVN location is much smaller than
the size of the symbol.)

VLA detection, ~0.1’’ (w. Arecibo for one burst)
DM=558 pc cm-3, consistent w. previous report
Keck/Gemini -> optical counterpart: dwarf galaxy (z=0.19)
persistent radio counterpart w. ~0.15 mJy
more… (rumor)
4. DISCUSSION AND CONCLUSIONS

GRAND?
• Only brightest FRBs
can be observed w.
GP-300
(S>100 Jy)
• 460 /day for a=1
at S=30 Jy

Good News
1903.12404

Good News II
synchrotron maser models predict emission at low frequencies
1902.01866

Summary
• Spectrum & composition
Powerful probe of transition models
• Gamma
worthwhile to investigate
surface detectors?
• FRBs
only brightest FRBs can be seen
good prospects for low-frequency FRBs

