&Q PUA HOBOCTM

-

ACTPpOPU3UKUN 3aPUKCUPOBANIU
caMbi MOLLUHbIXA raMMa-
o BCnneckK Bo BceneHHOMN

[MoMoub Tak Xxe NnpocTo,
KaK No3BOHWUTb
Crauaire npunoxenue Pycionga
AnA anhona 1 angpovna
rusfond.ru/app

lNomoraem nomoratb

HoBocTHK NnapTHepoB

¢Plr HazBana CTPOALLYIOCA B

U e e A e A



Article

Avery-high-energy componentdeepinthe
y-ray burst afterglow

https://doi.org/10.1038/s41586-019-1743-9

Received: 5 June 2019

Accepted: 30 September 2019

Published online: 20 November 2019

Alist of authors and affiliations appears at the end of the paper.

Gamma-ray bursts (GRBs) are brief flashes of y-rays and are considered to be the most
energetic explosive phenomenain the Universe'. The emission from GRBs comprises
ashort (typically tens of seconds) and bright prompt emission, followed by amuch
longer afterglow phase. During the afterglow phase, the shocked outflow—produced
by the interaction between the ejected matter and the circumburst medium—slows
down, and a gradual decrease in brightness is observed®. GRBs typically emit most of
their energy viay-rays with energies in the kiloelectronvolt-to-megaelectronvolt
range, but afew photons with energies of tens of gigaelectronvolts have been
detected by space-based instruments’. However, the origins of such high-energy
(above one gigaelectronvolt) photons and the presence of very-high-energy (more
than100 gigaelectronvolts) emission have remained elusive'. Here we report
observations of very-high-energy emissioninthe bright GRB 180720B deep inthe GRB
afterglow—ten hours after the end of the prompt emission phase, when the X-ray flux
had already decayed by four orders of magnitude. Two possible explanations exist for
the observed radiation: inverse Compton emission and synchrotron emission of
ultrarelativistic electrons. Our observations show that the energy fluxes in the X-ray
and y-ray range and their photonindices remain comparable to each other
throughout the afterglow. This discovery places distinct constraints on the GRB
environment for both emission mechanisms, with the inverse Compton explanation
alleviating the particle energy requirements for the emission observed at late times.
The late timing of this detection has consequences for the future observations of
GRBs at the highest energies.
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near the speed of light that are ejected by newly formed neutron stars or black holes
(of stellar mass) at cosmological distances™. Prompt flashes of megaelectronvolt-
energy y-rays are followed by alonger-lasting afterglow emissionin a wide range of
energies (fromradio waves to gigaelectronvolt y-rays), which originates from
synchrotron radiation generated by energetic electrons in the accompanying shock
waves**. Although emission of y-rays at even higher (teraelectronvolt) energies by
other radiation mechanisms has been theoretically predicted®®, it has not been
previously detected’®. Here we report observations of teraelectronvolt emission from
the y-ray burst GRB190114C. y-rays were observed in the energy range 0.2-1
teraelectronvolt from about one minute after the burst (at more than 50 standard
deviations in the first 20 minutes), revealing a distinct emission component of the
afterglow with power comparable to that of the synchrotron component. The
observed similarity in the radiated power and temporal behaviour of the
teraelectronvolt and X-ray bands points to processes such as inverse Compton
upscattering as the mechanism of the teraelectronvolt emission® ™. By contrast,
processes such as synchrotron emission by ultrahigh-energy protons'®® are not
favoured because of their low radiative efficiency. These results are anticipated tobe a
step towards a deeper understanding of the physics of GRBs and relativistic shock
waves.
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Long-durationy-ray bursts (GRBs) originate from ultra-relativisticjets launched from
the collapsing cores of dying massive stars. They are characterized by aninitial phase
of bright and highly variable radiation in the kiloelectronvolt-to-megaelectronvolt
band, which is probably produced within the jet and lasts from milliseconds to
minutes, known as the prompt emission*. Subsequently, the interaction of the jet
with the surrounding medium generates shock waves that are responsible for the
afterglow emission, which lasts from days to months and occurs over abroad energy
range from the radio to the gigaelectronvolt bands'®. The afterglow emission is
generally well explained as synchrotron radiation emitted by electrons accelerated by
the external shock”’. Recently, intense long-lasting emission between 0.2 and 1
teraelectronvolts was observed from GRB190114C™*", Here we report multi-
frequency observations of GRB190114C, and study the evolution in time of the GRB
emission across 17 orders of magnitude in energy, from 5 x 107 to 10 electronvolts.
We find that the broadband spectral energy distribution is double-peaked, with the
teraelectronvolt emission constituting a distinct spectral component with power
comparable to the synchrotron component. This component is associated with the
afterglow and is satisfactorily explained by inverse Compton up-scattering of
synchrotron photons by high-energy electrons. We find that the conditions required
to account for the observed teraelectronvolt component are typical for GRBs,
supporting the possibility that inverse Compton emission iscommonly produced in
GRBs.
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Fig.1|Multi-wavelengthlight curve of GRB180720B. a, Energy-flux light
curve detected by Fermi-GBM (band fit; green), Fermi-LAT (power law; blue),
H.E.S.5. (power-law intrinsic; red) and the optical r-band (purple). The Swift-
BAT spectra (15 keV-150keV) are extrapolated to the XRT band (0.3-10 keV) to
produce acombined light curve (grey) and anupper limit (95% confidence

level) for thesecond H.E.S.S. observation window (power-law intrinsic,
redarrow). The black dashed line indicatesa temporal decay witha=-1.2.
b, Photonindex of the Fermi-LAT, Swiftand H.E.S.S. spectra. Errorbars
correspond to1o.
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Fig.2|Very-high-energy y-rayimage of GRB180720B. Significance map of betweenT,+18.4dand 7,+24.4d. Thered crossindicates the position
GRB180720B field, as observed by H.E.5.S. a, Observation madeat T, +10.1h reported by the optical telescope ISON-Castelgrande™.
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Planck evidence for a closed Universe and a
possible crisis for cosmology

Eleonora Di Valentino', Alessandro Melchiorri®?* and Joseph Silk3**>

The recent Planck Legacy 2018 release has confirmed the presence of an enhanced lensing amplitude in cosmic microwave
background power spectra compared with that predicted in the standard A cold dark matter model, where A is the cosmological
constant. A closed Universe can provide a physical explanation for this effect, with the Planck cosmic microwave background
spectra now preferring a positive curvature at more than the 99% confidence level. Here, we further investigate the evidence
for a closed Universe from Planck, showing that positive curvature naturally explains the anomalous lensing amplitude, and
demonstrating that it also removes a well-known tension in the Planck dataset concerning the values of cosmological param-
eters derived at different angular scales. We show that since the Planck power spectra prefer a closed Universe, discordances
higher than generally estimated arise for most of the local cosmological observables, including baryon acoustic oscillations. The
assumption of a flat Universe could therefore mask a cosmological crisis where disparate observed properties of the Universe
appear to be mutually inconsistent. Future measurements are needed to clarify whether the observed discordances are due to
undetected systematics, or to new physics or simply are a statistical fluctuation.
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