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Potential Partners: 
The Neil Gehrels Swift Observatory

Phil Evans
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Brief overview of Swift
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3 Instruments:
BAT: 15-350 keV, mainly serendipitous
XRT: 0.3-10 keV; 12’ radius fov
UVOT: 170-650 nm; 17’x17’ fov

Rapid slewing spacecraft ~ 0.75 deg/sec.
Flexibly planned; fast ToO capability.
On-board tiling patterns for easy ~circular coverage
Multi-messenger astronomy is a key science goal.
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Tiling
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~1.7°

~0.8°
~1.1°

~2.7°
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Tiling
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Neutrino follow up to date
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Swift has been following neutrino alerts since March 2011.
42 from IceCube:

Doublets (Evans+ 2015)                                         [7 tiles]
Triplet (Aarsten+ 2017)                                           [37 tiles]
High energy (ICC+ 2018/in prep; Keivani+ 2018)   [19 tiles]

21 from ANTARES (Adrián-Martínez+ 2016)             [4 tiles]

One counterpart identified… 
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First result: IceCube 170922A
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9 sources identified.
Reported in Keivani+ (GCN 29130)
Source 2 identified as QSO J0509+0541 =  
TXS 0506+056
BUT, not initially identified as doing 
anything interesting…



1SXPS J050925.9+054134/
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First result: IceCube 170922A
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First result: IceCube 170922A
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Fermi noted (Kopper & Blaufuss, GCN 
21916) that this blazar was apparently 
flaring above 800 MeV.
Swift re-observed and confirmed an X-
ray outburst (Evans+, GCN 21941).
Continued to monitor for some time 
(last observtion at T+173.6d)
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Importance of X-rays
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3.2. Leptonic Models (LMs)

In the leptonic scenario, the blazar’s SED (optical to γ-rays)
is explained by synchrotron and IC processes of accelerated
(primary) electrons (Maraschi et al. 1992; Dermer &
Schlickeiser 1993; Sikora et al. 1994). The radiation produced
by relativistic protons in the source, which are necessary for
the production of HE neutrinos, may not be directly observed
due to the two-photon annihilation process and subsequent
EM cascades inside the source. We coin these hybrid
scenarios “LMs,” which stand for LMs, in reference to the
leptonic origin of the γ rays. Significant intra-source γ-ray
attenuation at sufficiently high energies and the associated
EM cascade is unavoidable in single-zone models, because
target photons responsible for photohadronic interactions
hinder HE γ rays from leaving the source. This implies that a
source with efficient HE neutrino production can be γ-ray
dark and may even be regarded as a hidden cosmic-ray
accelerator (Murase et al. 2016).

The photomeson production process also leads to the
production of γ-ray photons from neutral pion decay. More-
over, the decay of charged pions leads to the production of
secondary electrons and positrons, which also emit HE photons
via synchrotron and IC processes. The HE photons can be
attenuated by low-energy photons in the source, while
enhancing the number of secondary electron–positron pairs.
The total absorbed photon luminosity will eventually be
redistributed at lower photon energies through the development
of an EM cascade (Mannheim et al. 1991; Mannheim 1993).

The IC emission of primary electrons explains the HE peak
of the SED, and the emission from the EM cascade should be
subdominant. We can therefore set an upper limit on the power
of the cosmic-ray proton component by requiring that any
proton-induced emission does not fill in the dip (in hard X-rays
for ISPs, as here) between the two peaks of the SED. In turn,
this translates into an upper limit on the blazar’s neutrino flux.

We first derive the maximum neutrino flux expected
in the leptonic scenario by assuming that the proton
distribution is a power law with a proton index of sp=2,
extending from 1p,ming¢ = to 1.6 10p,max

7g¢ = ´ . From the
X-ray and γ-ray light curves, we infer a variability timescale
of t 10 svar

51 . Our choice of R 1017¢ = cm is broadly
consistent with the size inferred from the variability, namely
R ct z t1 0.56 10 25 10 svar

17
var

5d d¢ » + ´�( ) ( )( ) cm. We
also consider an arbitrary external photon field with a
blackbody-like energy distribution that can be described by
only two free parameters: its characteristic temperature T¢ and
energy density uex t¢ , as measured in the comoving frame of
the source. We also neglect any angular dependencies of the
external radiation field, which is assumed to be isotropic in
the rest frame of the supermassive black hole. Such an
additional photon field has also been shown to be necessary in
the leptonic SED modeling of other ISP blazars (Boettcher
et al. 2013). Furthermore, inclusion of external photon fields
has been shown to significantly enhance the efficiency of HE
neutrino production (Atoyan & Dermer 2001; Dermer et al.
2014; Murase et al. 2014).

The respective photon spectrum and the maximum predicted
neutrino flux for this parameter set (LMBB2b model) are
presented in Figure 4 (solid curves) and the parameter values
are summarized in Tables 6 and 7. We find that the X-ray flux
in the NuSTAR energy band is dominated by the SSC emission
of the accelerated electrons, whereas the γ-ray emission is

explained by the IC scattering of the fiducial external photon
field by the same electron population. The steepening of the
γ-ray spectrum at 10 GeV2 is due to the Klein–Nishina cross
section. Intriguingly, because of the steep Swift-XRT spectrum
and the low synchrotron peak-frequency revealed by our
X-shooter data, the HE peak of the SED cannot be explained by
the SSC emission alone. In addition, any attempt to describe
the emission from a more compact region (R 1017¢ � cm) fails
because of the emergence of the SSC component, which has a
different photon index than the observed one in the NuSTAR
band. This also demonstrates the importance of the detailed
X-ray data provided by this work.
As noted in the previous section, HE photons produced via

photohadronic interactions are attenuated in the source and
induce an EM cascade whose emission should emerge in the
Swift-XRT and NuSTAR bands. As a result, the neutrino and
proton luminosities are strongly constrained by the X-ray data.

Figure 4. Leptonic model (LMBB2b) for the TXS0506+056 flare (Ep. 1). Two
SED cases (gray lines) are plotted against the observations (colored points,
showing allowed ranges at 90% confidence), one with a hadronic component
set to the maximum allowed proton luminosity L 2 10p

max 50» ´( ) erg s−1

(solid gray), and the other set to twice this maximal value (dashed gray line).
Corresponding all-flavor neutrino fluxes for the maximal (solid red) and
“twice maximal” (dashed line) cases are also shown. Photon attenuation at

3 10112e ´g eV due to interactions with the extragalactic background light is
not included here. All-flavor neutrino-flux upper limits of producing an event
similar to the IceCube-170922A are shown in blue (from Figure 4 of Aartsen
et al. 2018a) for 0.5 (solid blue line) and 7.5 years (dashed blue line).

Table 6
Parameter Values Common to All Leptonic Models (LMs) for TXS0506+056

B′ [G] 0.4
R′ [in cm] 1017

δ 24.2
Le¢ [in erg s−1] 2.2 1042´
se,1 1.9
se,2 3.6

e,ming ¢ 1

e b,g ¢ 5 103´

e,maxg ¢ 8 104´

Note. The isotropic-equivalent electron luminosity is L Le e
4d= ¢. Parameter

definitions are provided in Table 5.
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The Astrophysical Journal, 864:84 (16pp), 2018 September 1 Keivani et al.

Keivani+ (2018) modelled the 
broadband SED to identify the 
emission mechanisms.
They required a leptonic model.
Site of neutrino production not 
consistent with being a UHECR 
accelerator.
The X-ray data were crucial, as EM 
cascades tend to fill the bump 
between the two peaks (synchrotron 
and IC), so the X-ray data place strong 
constraints on neutrino and proton 
luminosities.
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What can we do for KM3NeT
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Multi-wavelength follow up of triggers.
Standard on-board tiling (easier), or custom patterns (harder; need warning and 
examples to develop tools).
Need to decide which triggers we would follow, and how we will share our data…
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Route 1: Public triggers (preferred)
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If KM3NeT triggers are public:
We will identify an appropriate threshold to trigger, which will be relate to false 
alarm rate and total exposure.

Very keen to discuss appropriate levels (this meeting will help); my expectation 
would be 500-1000 s per tile.

We will analyse the data, and disseminate results via GCN / ATEL.
We would look to create a public website sharing results, after human verification.

This is very much our preferred mechanism.
Enables quick sharing of results among teams (vital for TXS 0506).
Makes coordinating and arranging follow up easier.
Facilitates the best science return.
Allows Swift to better incorporate KM3NeT follow up among other priorities.
Swift data are ALL public.
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Route 2: Private triggers
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If KM3NeT triggers are proprietary:
We would need to create an MoU, laying out details of the information exchange.
Observing scenario as public data, but potentially less flexibility.
We will analyse the data, but how to disseminate?
No public website, possibility of password-controlled area for MoU partners.

BUT…
Risks a lack of rapid information exchange, may hinder of prevent identification of 
counterpart.
Less ability to coordinate with external facilities for follow up.
Impacts the science return due to lower data collection.
More complex to evolve follow up or balance KM3Net against, e.g. LIGO.
Swift data are ALL public, we can obfuscate name, but the data are still 
accessible to all.
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Summary
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Despite its modest field of view, Swift can perform high-quality neutrino follow up.
For TXS 0506, we were the first to detect the EM counterpart, although not to 
identify it.
X-ray data were critical to proper modelling of the SED and understanding the 
emission mechanisms in the blazar.
Swift will be able to respond to KM3NeT triggers; our strong preference is for 
public triggers and coordinated, but independent, response from EM partners.
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Challenges (1) moving error regions
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Challenges (2) counterpart identification
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Challenges (2) counterpart identification
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