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Black-hole jets contain heavy nuclei

One of the open questions of astrophysics

is the composition of the powerful jets
launched by black holes. Are the jets purely
leptonic or do they also contain protons

and nuclei? The latter are implied by the
recent detection of X-ray emission from iron
and nickel atoms in the relativistic jets of a
stellar-mass black-hole candidate. Strong
y-ray and neutrino emission is expected in
such baryonic jets.

Stellar-mass black holes manifest their
presence by accreting material from a
companion star. Matter flows from the star
towards the black hole, forming a disc of
plasma around it with a temperature so
high that it emits X rays. The circling of the
ionized gas at almost the speed of light is
thought to generate a twisted magnetic field
perpendicular to the disc, which funnels
some of the incoming matter away in the
form of two powerful jets of particles. The
ejected mass and energy prevents the black
hole from growing too quickly.

Observations at radio and other
wavelengths have already shown that
black-hole jets contain highly relativistic
electrons (CERN Courier July/August 2006
pl10). However, until now it was not clear
whether the negative charge of the electrons
is complemented by their anti-particles —
positrons — or by heavier, positively charged
particles in the jets, such as protons or atomic
nuclei. In a new study, a team of astronomers
led by Marfa Diaz Trigo of the European
Southern Observatory in Munich has used
ESA’s XMM-Newton satellite to study
abinary system called 4U 1630-47. This
system hosts a black-hole candidate and is
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Artist’s impression of a binary system where
matter flows from a star towards a

black hole, forming an accretion disc and two
powerful jets of particles.(Image credit: ESA/
ATG medialab.)

known to show outbursts of X rays across
periods of months and years.

The researchers observed the source
twice in September 2012, using both
XMM-Newton and the Australia Telescope
Compact Array to study simultaneously
its X-ray and radio state. Following a first
observation without detectable radio
emission from the jets, the team was lucky
enough to catch the source soon after jet
reactivation. In this second observation, the
astronomers found X-ray emission lines from
two highly ionized heavy elements —iron
and nickel. For iron, there is even a second
line displaced in energy, suggesting that it
comes from the counter-jet moving away
from the point of observation. According to
Diaz Trigo, the discovery came as a surprise
—and a good one, since it shows beyond

doubt that the composition of black-hole jets
is much richer than only electrons. With iron
emission from both jets moving in opposite
directions, the team was able to determine
the jet’s orientation and its speed at about
two-thirds of the speed of light.

This is the first time that heavy nuclei
have been detected in the jets of a typical
stellar-mass black hole. There is only one
other X-ray binary, SS 433, which shows
similar signatures from atomic nuclei in
its jets, but this source is peculiar, having
an unusually high accretion rate. The new
observations of 4U 1630-47 should help
astronomers to learn more about the physical
mechanism that launches jets from a black
hole’s accretion disc. A model where the
jetis powered by the spin of the black hole
rather than by the magnetic field induced by
the accretion disc is disfavoured as it would
produce leptonic jets only.

The authors of the paper published in
Nature also point out that the presence of
mildly relativistic baryons in the jets suggests
that y rays could be produced by interaction
with high-energy photons or with protons
from the stellar wind of the companion star.
This could give rise to a signal that would be
detectable by the Fermi Space Telescope and
the future Cherenkov Telescope Array. The
hadronic interactions should also generate
an intense flux of neutrinos. Therefore,
high-luminosity outbursts from black-hole
X-ray binaries could provide the best
opportunities for neutrino detection.

o Furtherreading
M Diaz Trigo et al. 2013 Nature504 260.

Picture of the month

This image of the Hubble Space Telescope shows RS Puppis, a star
belonging to a class of pulsating stars known as Cepheid variables,
which have relatively long periods — RS Puppis, for example, varies in
brightness by almost a factor of five every 40 days or so. What makes
RS Puppis unusual, however, is its dusty environment, which enables a

phenomenon known as a light echo to illuminate different portions of the
thick, dark clouds enshrouding the variable star. Repeated observations
over a five-week period have revealed how the regular stellar pulsations
produce waves of light streaming through the clouds. The process is
similar to the apparent expansion of a gas bubble illuminated by the
flaring star V838 Monacerotis (Picture of the month, CERN Courier June
2003 p13 and May 2005 p13). (Image credit: NASA, ESA, and the Hubble
Heritage Team (STScl/AURA)-Hubble/Europe Collaboration.)
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Progress of Theoretical and Experimental Physics (PTEP) is an online-
only fully open access journal.

Formerly entitled Progress of Theoretical Physics, it has published
many significant articles in theoretical physics, including several
papers that have led to the Nobel Prize. In 2012, the journal
expanded its scope to incorporate experimental physics on an
equal footing with theoretical physics.

A selection of our most read articles from
2012 and 2013

Accelerator control system at KEKB and the linac
Atsuyoshi Akiyama et al.

Complex probability measure and Aharonov’s
weak value
Tatsuya Morita et al.

Dynamics of a deformable self-propelled particle
with internal rotational force
Mitsusuke Tarama and Takao Ohta

A search for muon-to-electron conversion at
J-PARC: the COMET experiment
Yoshitaka Kuno

Mode-coupling theory and beyond: A diagrammatic
approach
Grzegorz Szamel

Primary proton beam line at the J-PARC hadron
experimental facility
Keizo Agari et al.

Present-day star formation: From molecular cloud
cores to protostars and protoplanetary disks
Shu-ichiro Inutsuka

Physics achievements from the Belle experiment
Jolanta Brodzicka et al.

These articles are freely available to read online at
http://oxfordjournals.org/our_journals/ptep/20 | 3toppapers.html

PTEP participates in SCOAP?

From 2014, the Article Processing Charge (APC) for high-
energy physics articles published in PTEP will be supported
by SCOAP3. Many other organizations are supporting
PTEP authors in other subject areas. See the full list
www.oxfordjournals.org/our_journals/ptep/sponsoring_
organizations.html
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