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HW: Neutrino spectrum from starburst galaxies

Distribution of galaxy luminosities (Schechter function):

! = 1.4&'( ~ 1 M⊙yr./

Cosmic rays above 1015 eV 
escape from the Milky Way.

HW: What will be the power spectral density of neutrinos observed from the Universe?

• Cosmic rays are emitted by sources (e.g. GRB/supernovae) within galaxies with 
dN/dE~E-2 spectrum. 

• Neutrinos are produced with energy ~5% of the interacting cosmic ray’s energy.
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Fig. 5. Model schematics considered in this paper. In each panel, the eye indicates 
the line of sight to the observer. (A) A classical, on-axis, ultra-relativistic, weak short 
gamma-ray burst (sGRB). (B) A classical, slightly off-axis, ultra-relativistic, strong 
sGRB. (C) A wide-angle, mildly-relativistic, strong cocoon with a choked jet. (D) A 
wide-angle, mildly-relativistic, weak cocoon with a successful off-axis jet. 
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Kasliwal+ Science 2017

• Very weak --- energy orders of magnitude below weakest GRB detected

• Short-hard --- consistent with binary neutron star picture

• Host galaxy --- low star formation, probably very old NSs (Blanchard+ 2017)

• X-ray/Radio delay (9 and 15 days) --- unusual, consistent with off-axis scenario

• There was a GRB   à merger remnant collapsed to a black hole

• 1.7 s delay --- e.g. jet propagation before shock

• Fundamental limits: Constraint on speed of gravity: ~10-15c | rules out DM emulators | etc.



Off-axis?

We
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Figure 2. Timeline of the discovery of GW170817, GRB 170817A, SSS17a/AT 2017gfo, and the follow-up observations are shown by messenger and wavelength
relative to the time tc of the gravitational-wave event. Two types of information are shown for each band/messenger. First, the shaded dashes represent the times when
information was reported in a GCN Circular. The names of the relevant instruments, facilities, or observing teams are collected at the beginning of the row. Second,
representative observations (see Table 1) in each band are shown as solid circles with their areas approximately scaled by brightness; the solid lines indicate when the
source was detectable by at least one telescope. Magnification insets give a picture of the first detections in the gravitational-wave, gamma-ray, optical, X-ray, and
radio bands. They are respectively illustrated by the combined spectrogram of the signals received by LIGO-Hanford and LIGO-Livingston (see Section 2.1), the
Fermi-GBM and INTEGRAL/SPI-ACS lightcurves matched in time resolution and phase (see Section 2.2), 1 5×1 5 postage stamps extracted from the initial six
observations of SSS17a/AT 2017gfo and four early spectra taken with the SALT (at tc+1.2 days; Buckley et al. 2017; McCully et al. 2017b), ESO-NTT (at
tc+1.4 days; Smartt et al. 2017), the SOAR 4 m telescope (at tc+1.4 days; Nicholl et al. 2017d), and ESO-VLT-XShooter (at tc+2.4 days; Smartt et al. 2017) as
described in Section 2.3, and the first X-ray and radio detections of the same source by Chandra (see Section 3.3) and JVLA (see Section 3.4). In order to show
representative spectral energy distributions, each spectrum is normalized to its maximum and shifted arbitrarily along the linear y-axis (no absolute scale). The high
background in the SALT spectrum below 4500Å prevents the identification of spectral features in this band (for details McCully et al. 2017b).
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Margutti+ 2018

Afterglow…



Afterglow



Typical multi-wavelength light curve

power-law decay



Time and viewing angle dependence

Peak flux:
• Higher for lower angles
• Delayed for greater angles

Ø After peak there is ~power law decay

Ø Spectrum is also ~power law above 
some peak frequency

Ø Spectrum softens with time

Van Eerten+ ApJL 2011



Margutti+ 2018

GW170817

Flux still increasing!



Neil Gehrels Swift Observatory

• Burst Alert Telescope (BAT)
• X-Ray Telescope (XRT)
• Ultraviolet/Optical Telescope (UVOT)

Localization with afterglow


