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Three decades since astronomers first 
detected planets outside our solar system, 
exoplanets are now being discovered at 
a rate of hundreds per year. Although it 
is reasonable to assume other galaxies 
than our own contain planets, no direct 
detections of such objects have been made 
owing to their small size and their large 
distances from Earth. 

Now, however, radiation emitted around a 
distant black hole has revealed the existence 
of extragalactic planets in a galaxy 3.8 billion 
light years away, located between the black 
hole and us. The planets, which have no way 
of being directly detected using any kind of 
existing telescope, are visible thanks to the 
small gravitational distortions they inflict 
on X-rays emanating from the more distant 
black hole.

The discovery was made by Xinyu Dai 
and Eduardo Guerras from the University 
of Oklahoma in the US using data from the 
Chandra X-ray Observatory. The distant 
black hole in question, which forms the 
supermassive centre of the quasar RX 
J1131-1231, is surrounded by an accretion 
disk that heats up as it orbits and emits 
radiation at X-ray wavelengths. Thanks to a 
fortunate cosmic alignment, this radiation 
is amplified by gravitational lensing and 
therefore can be studied accurately. The 
lensing galaxy positioned between Earth 
and the quasar causes light from RX 
J1131-1231 to bend around it, appearing to 
us not as a normal point-source but as a ring 
with four bright spots (see figure). The spots 
are a result of radiation coming from the 
same location of the quasar, which initially 
followed different paths but ended up being 

directed to the Earth. 
Dai and Guerras focused on the spectral 

features of iron, a strong emission line that 
reveals details of the accretion disk, and 
found that this emission line is not just 
shifted in energy but that the amount of the 
shift varies with time. Although a shift in 
the frequency of this line is common, for 
example due to relative velocities between 
observers, its position is generally very 
stable with time when studying a specific 
object. Based on the 38 times RX J1131-1231 
had been observed by the Chandra satellite 
during the past decade, the Oklahoma duo 
found that the energy varied significantly 
between observations in all of the four bright 
points of the ring. 

This feature can be explained using 

microlensing. The intermediate lensing 
galaxy is not a uniform mass but rather 
consists of small point masses, mainly 
stars and planets. As the relatively small 
objects within the lensing galaxy move, the 
light from the quasar passing through it is 
deflected in slightly different ways, causing 
different parts of the accretion disk to be 
amplified at different levels over time. As the 
different parts of the disk appear to emit at 
different energies, the measured variations 
in the energy of this emission line can be 
explained by the movement of objects within 
the lensing galaxy. The question is: what 
objects could cause such changes over time 
scales of several years?

Stars, being so numerous and massive, 
are one good candidate explanation. But Dai 
and Guerras calculated that the chance for 
a star to cause such short-term variations is 
very small. A better candidate, suggest fits 
to analytical models, is unbound planets 
which do not orbit a star. The Chandra data 
were best described by a model in which, 
for each star, there are more than 2000 
unbound planets with masses between that 
of the Moon and Jupiter. Although the exact 
population of such planets is not well known 
even for our own galaxy, their number is 
well within the existing constraints. These 
observations thus form the best evidence for 
the existence of extragalactic planets and, by 
also providing the number of such planets 
in that galaxy, teach us something about the 
number of unbound planets we can expect in 
our own galaxy.

 ● Further reading
X Dai and E Guerras 2018 ApJL 853 L27.

Picture of the month
Both objects in this image are blue but very different in nature. 
On the right is the famous Pleiades, a cluster of extremely 
bright blue stars 400 light years away that can be seen 
relatively easily from Earth, while on the left is the bright 
blue tail produced by comet C/2016 R2. The comet appears 
to be moving towards the cluster but actually is travelling in 
the upwards direction, and the blue tail is produced by solar 
radiation, which causes the unusually high amount of ionised 
carbon monoxide to emit fluorescent light. One theory about 
the complex shape of the tail is that the comet contains a 
rapidly rotating nucleus. If C/2016 R2 survives its passage 
at the closest point near the Sun in May 2018, it will return to 
Earth again – but not for another 20,000 years or so.

Spotting the first extragalactic planets 

Image of the quasar RX J1131-1231 
gravitationally lensed by the galaxy  
shown at the centre. The four lensed images 
of the background quasar helped reveal  
the presence of trillions of planets in the 
central galaxy.
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Introducing...Best Particle Therapy Systems

Cyclotron
Energy 
(MeV)

Isotopes Produced

Best 15 15
18F, 99mTc, 11C, 13N, 15O, 

64Cu, 67Ga, 124I, 103Pd

Best 20u/25 20, 25–15 Best 15 + 123I, 111In, 68Ge/68Ga

Best 30u 
(Upgradeable)

30 Best 15 + 123I, 111In, 68Ge/68Ga

Best 35 35–15
Greater production of 

Best 15, 20u/25 isotopes 
plus 201Tl, 81Rb/81Kr

Best 70 70–35
82Sr/82Rb, 123I, 67Cu, 

81Kr + research

* Best iRCMS is under development and not available for sale currently.

Installation of Best 70 MeV 
Cyclotron at Italian National 

Laboratories (INFN), Legnaro, IT

ion Rapid Cycling Medical 
Synchrotron  (iRCMS)

TeamBest Companies © 2017–2018

Introducing...Best Cyclotron Systems
Best Cyclotron Systems provides 15/20/25/30/35/70 MeV 
Proton Cyclotrons as well as 35 & 70 MeV Multi-Particle  
(Alpha, Deuterons & Protons) Cyclotrons

   Currents from 100uA to 1000uA (or higher) depending on the 
particle beam are available on all BCS cyclotrons  

   Best 20u to 25 and 30u to 35 are fully upgradeable on site

400 MeV Rapid Cycling Medical Synchrotron  
for Proton-to-Carbon Heavy Ion Therapy: 

   Intrinsically small beams facilitating beam 
delivery with precision 

   Small beam sizes – small magnets, light 
gantries – smaller footprint

   Highly efficient single turn extraction 

   Efficient extraction – less shielding 

   Flexibility – heavy ion beam therapy (protons 
and/or carbon), beam delivery modalities

www.bestcyclotron.com  •  www.bestproton.com  •  www.teambest.com 
USA tel: 703 451 2378   800 336 4970   •   CANADA tel: 604 681 3327   866 909 4647

Visit us at IPAC 2018 – Booth #207
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Lepton universality

Of all the puzzling features of the Standard Model of particle phys-
ics (SM), one of the most vexing is the arrangement of the elemen-
tary particles into families or generations. Each pair of fermions 
comes in three and apparently only three copies: the electron, 
muon, tau leptons and their associated neutrinos, and three pairs 
of quarks. The only known difference between generations is the 
different strengths of their interactions with the Higgs field, known 
as the Yukawa couplings. This results in different masses for each 
particle, giving a wide range of experimental signatures. 

In the case of the charged leptons (electrons, muons and taus), 
this pattern also results in one simple post-diction, known as lep-
ton universality (LU): other than effects related to their different 

masses, all the SM interactions treat the three charged leptons iden-
tically. During the past couple of decades, LU has been tested to 
sub-percent precision in interactions of photons and weak bosons, 
and in transitions between light quarks. These measurements were 
made, for example, at the Large Electron–Positron (LEP) collider 
at CERN in decays of W and Z bosons, by the PIENU and NA62 
fixed-target experiments in decays of pions and kaons, and in J/ψ 
decays by the BES-III, CLEO and KEDR collaborations. However, 
LU has never been established to such a degree of precision in 
decays of heavy quarks.

Measurements from Run 1 of decays of beauty hadrons at the 
LHCb experiment, in addition to earlier results from the B-facto-

Beauty quarks test  
lepton universality
A series of measurements from LHCb and B-factory experiments have tested whether the 
interactions of charged leptons agree with the Standard Model.

The decay of a B0 meson into a K*0 
and an electron–positron pair in 
LHCb, showing a close-up of the 
energy deposits of the final-state 
particles in the calorimeters.

LH
C

b

CCApr18_LEPTON_v6.indd   23 14/03/2018   13:34

Heinzinger electronic GmbH I 83026 Rosenheim - Germany
Phone +49-8031-2458-0 I email: info@heinzinger.de I www.heinzinger.com

• Voltages up to 300,000V in dry isolation
• High precision current regulation by DCCT
• Current up to 10,000A
• Power up to 400,000W
• High accuracy, low ripple, high stability

Magnet 
Power Supplies

High Voltage 
Power Supplies

High Current
Power Supplies

High Precision
Power Supplies

As one of the market leaders for power supplies 
we set the benchmark in high precision and 
current.
Heinzinger electronic offers a portfolio of excel-
lent power supplies for research, industrial and 
medical accelerators.

POWER SUPPLIES 
for accelerator applications

YOUR PARTNER IN METAL SEALS FOR EXTREME APPLICATIONS

• 100% in-house production
• Heat treatment, different plating and coating types
• In-house lab facilities: combined load – leak test, hardness, PMI, metallurgical, …

• UKAEA
• Ion Beam Applications (IBA)
• ITER
• OMZ GLOBAL
• ESS BILBAO
• Areva: nuclear reactor applications
• Cern
• IFE Norway

Made in
Belgium

HTMS NV Belgium  I  Tel +32 15 22 02 81   I  www.htms.be
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