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Astrowatch
C O M P I L E D  B Y  M A R C TÜ R L E R ,  I SDC A N D O B S E R V AT O R Y  O F  T H E  U N I V E R S I T Y  O F  G E N E V A ,  A N D U N I V E R S I T Y  O F  Z U R I C H

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 
γ-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 fl ows 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 fi eld 
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 
p10). 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 María Díaz Trigo of the European 
Southern Observatory in Munich has used 
ESA’s XMM-Newton satellite to study 
a binary system called 4U 1630-47. This 
system hosts a black-hole candidate and is 

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 fi rst 
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 
Díaz 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 fi rst 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 
jet is powered by the spin of the black hole 
rather than by the magnetic fi eld 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 γ 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 fl ux of neutrinos. Therefore, 
high-luminosity outbursts from black-hole 
X-ray binaries could provide the best 
opportunities for neutrino detection.

 ● Further reading 
M Díaz Trigo et al. 2013 Nature 504 260.

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 fi ve 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 fi ve-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 
fl aring star V838 Monocerotis (Picture of the month, CERN Courier June 
2003 p13 and May 2005 p13). (Image credit: NASA, ESA, and the Hubble 
Heritage Team (STScI/AURA)-Hubble/Europe Collaboration.)

Black-hole jets contain heavy nuclei

Artist’s impression of a binary system where 
matter fl ows from a star towards a
black hole, forming an accretion disc and two 
powerful jets of particles. (Image credit: ESA/
ATG medialab.)

High Energy Physics

SCOAP3 MODEL NOW REALITY: PHYSICS 
JOURNALS TO CHANGE TO OPEN 
ACCESS - WITHOUT AUTHOR FEES

As of January 2014, Physics Letters B and Nuclear Physics B will change from a subscription 
based journal into an open access journal. Both journals are included in SCOAP3, an 
innovative project designed to bring open access to the high energy physics community. As 
active participant in SCOAP3, Elsevier is changing two high profi le journals to open access 
without the need for authors to pay an open access publication fee. 

What does this mean for our authors?
Authors can simply continue to publish their research in these journals as they always have. 
Upon acceptance, articles will be published open access, under a CC-BY license. Authors do 
not have to pay any publication fees for open access as these are covered by the SCOAP3 
project.    

Benefi ts of publishing Physics Letters B and Nuclear Physics B as part of the SCOAP3 model:

• Provide immediate and permanent open access to the fi nal published article on 
ScienceDirect

• Authors retain copyright
• Articles are published under a CC BY user license which permits text and data mining
• No open access fees need  to be paid by authors 

Physics Letters B and Nuclear Physics B changing to open access journals 

Nuclear Physics B is rejuvenating! Did you know that: 
• A new editorial board has been appointed. The editors Tommy Ohlsson (KTH 

Stockholm), Hong-Jian He (Tsinghua University), Hubert Saleur (Southern California 
University) and Valerie Gibson (Cambridge, UK) will be supported by a team of high 
profi le Advisory Editors. 

• Editors will ensure personal contact with authors and reviewers
• Publication time is among the fastest in the fi eld, with articles citable online after 

3.4 weeks from submission
• New articles types will be introduced, such as Reviews and Frontier Articles
• The journal is sponsoring a Young Researcher Award at a relevant conference each year
• Outstanding reviewers will receive recognition
• The journal has a new face, with a new cover and a new subtitle

For more information: www.journals.elsevier.com/physics-letters-b
www.journals.elsevier.com/nuclear-physics-b
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CERN Courier Archive: 1971
A L O O K B A C K  T O  CERN C O U R I E R  V O L .  11,  F E B R U A R Y  1971,  C O M P I L E D  B Y  P E G G I E  R I M M E R

On 27 January, colliding beams were 
achieved at the Intersecting Storage Rings 
for the fi rst time.

on 25 January, ring 2 was brought into 
action. [ring 1 had been successfully tested 
in october (CERN Courier november 2013 
p12)]. At 19.47h, the fi rst beam of protons 
from the PS was injected, went round and 
stayed going round, 3.5 mA circulating. At 
20.20h, 15 mA were injected and the r.f. 
accelerating cavities were brought on. At 
21.20h, stacking was tried and the circulating 
current built up to 370 mA. At 22.32h, the 
peak current of 720 mA was stacked.

On 27 January, it was decided to go for 
colliding beams. The run began at 10.00h. 
Shortly after midday, a very clean stack built 
the current in Ring 1 to 930 mA. After a few 
minutes, this dropped abruptly to 586.6 mA 
but didn’t change for more than an hour. At 
14.30h, well over two hours later, the monitors 
were reading 586.5 mA, proving that they 
hadn’t got stuck. So good were conditions in 
the ring that hardly a measurable proton was 
lost. The decay rate was 5 × 10–8 per second, 
corresponding to a half-life of many months. 
One wisecrack was that the ISR had made 
itself independent of PS shutdowns. 

Meanwhile an even more signifi cant event 

occurred. At 13.26h, a single shot from the 
PS was fi red into Ring 2 and 14.7 mA were 
left circulating. The one remaining worry 
was that the big beam in ring 1 would cause 
serious loss on the small beam in ring 2. no 
such noticeable beam–beam interaction was 
observed. The last remaining fear of the ISR 
team, that they would not be able to deliver a 
usable machine for physics, was swept aside.

close on top of this came the news from 
the physicists at the intersections. At fi rst 
tentatively, then with confi dence, they fed to 
the control room the information that they were 
recording particles coming from collisions 
in the intersecting beams. At about 13.40h, 
Kjell Johnsen moved to the microphone [see 
the February cover thumbnail] to announce 
the fi rst ever observation of proton–proton 
interactions in colliding beams.

 ● Compiled from texts on pp31–33.

Booster beams
Another “milestone” en route to completion of 
the 200–500 GeV accelerator at the National 
Accelerator Laboratory was passed at the 
beginning of February when beams were 
accelerated for the fi rst time in the Booster.

The Booster is designed to take the 200 MeV 
beam from the Linac and to accelerate it to 
8 GeV for injection into the Main Ring. The 
last of the magnets moved into the Booster 
ring on 14 December and installation was 
virtually complete a week later. 

on 23, 24 January the beam was injected 
and taken full circle. A pulsed kicker was 
installed to push the beam from its injection 
orbit and on 29 January the fi rst multiple turn 
tests were carried out. on 6 February, half the 
r.f. cavities were brought on and protons were 
accelerated to an energy of 1  GeV. It looks as 
if the Booster will be in excellent shape to feed 
beams to the Main Ring in a few months’ time. 

construction of the Booster has been 
brought to completion by roy Billinge with 

Helen edwards as associate section leader. 
The section are feeling very pleased with 
themselves. 

 ● Compiled from texts on p47.

Colliding beams

In the ISR control room.

Looking over a model of the site at Batavia 
on 25 January are the director of the 
National Accelerator Laboratory, 
R R Wilson (left), and B P Gregory, 
director-general of CERN until the end of 
last year. (Photo NAL.)

Compiler’s Note 
The ISR was shut 
down in 1984, 
as CERN shifted 
its sights to the 
Large Electron 
Positron collider, 
but its legacy lives 
on (CERN Courier 
January/February 
2011 p27). 

The machine 
was to be the proving ground for some pivotal 
concepts in accelerator physics, most notably 
stochastic cooling, which made it possible to 
accumulate antiparticle beams of suffi cient 
intensity for useful physics. This paved the 
way for proton–antiproton collisions, fi rst in 
1981 at the ISR itself and at the Super Proton 
Synchrotron operating as a collider, and 
from 1987 in the Tevatron at Fermilab. Since 
2006, stochastic cooling has been used at 
Brookhaven’s Relativistic Heavy-Ion Collider. 

The fi rst role of the Batavia (later Fermilab) 
Booster was to accelerate protons from the 
linac into the 400 GeV Main Ring for fi xed-target 
experiments – and the discovery in 1977 of the 
bottom quark. In 1983, the Main Ring became 
injector to the superconducting Tevatron 
ring, which was soon to be transformed into a 
proton–antiproton collider. The Booster supplied 
protons from the linac and antiprotons from 
a high-intensity source that used stochastic 
cooling. After acceleration in the Main Ring, 
these beams were further accelerated in the 
Tevatron, before colliding at 1.8 TeV in the centre 
of mass – allowing the discovery of the top quark 
in 1995. The Tevatron retired in September 
2011, as CERN’s LHC came into operation (CERN 
Courier November 2011 p28).

i s r

B a t a v i a

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 signifi cant 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/2013toppapers.html

www.ptep.oxfordjournals.org

PTEP: 
read our 
most read 
papers free 
online

PTEP participates in SCOAP3

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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