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With its very fi rst observation, Japan’s 
Hitomi X-ray satellite has discovered that 
the gas in the Perseus cluster of galaxies 
is much less turbulent than expected. The 
unprecedented measurement opens the way 
towards a better determination of the mass 
of galaxy clusters, which has important 
cosmological implications. 

Hitomi, which translates to “pupil of 
the eye”, is an X-ray observatory built and 
operated by the Japanese space agency 
(JAXA) in collaboration with more than 
60 institutes and 200 scientists and engineers 
from Japan, the US, Canada and Europe. 
Launched on 17 February this year, Hitomi 
functioned for just over a month before 
operators lost contact on 26 March, when 
the spacecraft started to spin very rapidly, 
leading to its partial disintegration. It was a 
tragic end to a very promising mission that 
would have used a micro-calorimeter to 
achieve unprecedented spectral resolution 
in X-rays. Cooled down to 0.05 K, the soft 
X-ray spectrometer (SXS) was designed to 
record the precise energy of each incoming 
X-ray photon.

Hitomi targeted the Perseus cluster just 
a week after it arrived in space to measure 
the turbulence in the cluster to a precision of 
10 km s–1, compared with the upper limit set 
by XMM-Newton of 500 km s–1. The SXS 
micro-calorimeter met expectations and 
measured a velocity of only 164±10 km s–1 
along the line-of-sight. This low velocity came 
as a surprise for the Hitomi collaboration, 
especially because at the core of the cluster 

lies the highly energetic active galaxy 
NGC 1275. It indicates that the cluster gas has 
very little turbulent motion, with a turbulent 
pressure being only four per cent of the heat 
pressure of the hot intra-cluster gas. This is 
extraordinary, considering that NGC 1275 is 
pumping jetted energy into its surroundings to 
create bubbles of extremely hot gas. 

Previously, it was thought that these bubbles 
induce turbulence, which keeps the central gas 
hot, but researchers now have to think of other 
ways to heat the gas. One possibility is sound 
waves, which would allow energy to be spread 
into the medium without global movement 

of the gas. The precise determination of 
the turbulence in the Perseus cluster allows 
a better determination of its mass, which 
depends on the ratio of turbulent to quiescent 
gas. Generalising the result of an almost 
negligible contribution of turbulent pressure 
in the central core of galaxy clusters impacts 
not just cluster physics but also cosmological 
simulations. 

The impressive results of Hitomi only 
reinforce astronomers’ sense of loss. As this 
and several missions have shown, equipping 
an X-ray satellite with a micro-calorimeter 
is a daunting challenge. NASA’s Chandra 
X-ray Observatory, which launched in 1999, 
dropped the idea due to budget constraints. 
JAXA took over the calorimeter challenge 
on its ASTRO-E spacecraft, but the probe 
was destroyed in 2000 shortly after rocket 
lift-off. This was followed by the Suzaku 
satellite, launched in 2005, in which a leak in 
the cooling system destroyed the calorimeter. 
This series of failures is especially dramatic 
for the scientists and engineers developing 
such high-precision instruments over two 
decades – especially in the case of Hitomi, for 
which the SXS instrument worked perfectly 
until the loss of the satellite due to problems 
with the attitude control. Researchers may 
now have to wait more than a decade to 
use a micro-calorimeter in space, until 
ESA’s Athena mission, which is tentatively 
scheduled for launch in the late 2020s.

 ● Further reading 
Hitomi Collaboration 2016 Nature 535 117.

Picture of the month

This spectacular infrared image of the Orion Nebula is the 
deepest view ever of this archetypical star-forming region. 
The famous Orion Nebula spans about 24 light-years within 
the constellation of Orion, and is visible from Earth with the 
naked eye as a fuzzy patch in Orion’s sword. In visible light, it 
is brightly illuminated by ultraviolet radiation from the many 
hot stars it contains. In infrared light, however, it is possible 
to see inside the star-forming clouds and detect fainter 
objects. This image was obtained using the HAWK-I infrared 
camera on ESO’s Very Large Telescope in Chile, and reveals 
objects as small as brown dwarfs and isolated planets. The 
new image also reveals an unexpected wealth of very faint 
planetary-mass objects, which suggests that the Orion 
Nebula may be forming proportionally far more low-mass 
objects than do closer and less active star-formation regions.

Hitomi probes turbulence in galaxy cluster

A portion of the spectrum from the Perseus 
cluster of galaxies, as measured by the Hitomi 
micro-calorimeter (squared area), which is 
highlighted on the background image 
showing bubbles of hot gas.
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CMS trigger 

ATLAS and CMS, the large general-purpose experiments at 
CERN’s Large Hadron Collider (LHC), produce enormous data 
sets. Bunches of protons circulating in opposite directions around 
the LHC pile into each other every 25 nanoseconds, fl ooding the 
detectors with particle debris. Recording every collision would 
produce data at an unmanageable rate of around 50 terabytes per 
second. To reduce this volume for offl ine storage and processing, 
the experiments use an online fi ltering system called a trigger. The 
trigger system must remove the data from 99.998% of all LHC 
bunch crossings but keep the tiny fraction of interesting data that 
drives the experiment’s scientifi c mission. The decisions made in 
the trigger, which ultimately dictate the physics reach of the experi-
ment, must be made in real time and are irrevocable.

The trigger system of the CMS experiment has two levels. 
The fi rst, Level-1, is built from custom electronics in the CMS 
underground cavern, and reduces the rate of selected bunch cross-

ings from 40 MHz to less than 100 kHz. There is a period of only 
four microseconds during which a decision must be reached, 
because data cannot be held within the on-detector memory buff-
ers for longer than this. The second level, called the High Level 
Trigger (HLT), is software-based. Approximately 20,000 com-
mercial CPU cores, housed in a building on the surface above the 
CMS cavern, run software that further reduces the crossing rate 
to an average of about 1 kHz. This is low enough to transfer the 
remaining data to the CERN Data Centre for permanent storage. 

The original trigger system served CMS well during Run 1 of 
the LHC, which provided high-energy collisions at up to 8 TeV 
from 2010–2013. Designed in the late 1990s and operational by 
2008, the system allowed the CMS collaboration to co-discover the 
Higgs boson in multiple fi nal-state topologies. Among hundreds 
of other CMS measurements, it also allowed us to observe the rare 
decay Bs → μμ with a signifi cance of 4.3σ. 

CMS gears up for the LHC 
data deluge

The CMS experiment has completed an ambitious upgrade to the trigger system that forms the 
fi rst level of its data selection for physics studies, describe Darin Acosta, Costas Foudas 
and Dave Newbold.
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    An event display showing the extreme environment of proton–proton collisions at the LHC’s Run 2.
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You might know it as SiPM or Silicon PhotoMultiplier, but at 
Hamamatsu we know it as "MPPC®” (Multi-Pixel-Photon-Counter);

the ultimate in detection efficiency.  

MPPCs deliver superior high photon detection efficiency, low afterpulse,
low cross talk and low dark count characteristics. We offer the world’s

most diverse product line-up, package types and the latest technology
such as TSV, all available in mass production.

We know that choice and flexibility is key; you can select one of our 
standard high-sensitivity optical sensors, package type and electronics,

or we can develop customised solutions to meet your requirements.
If you are looking for the ultimate low-light detector and you want to 

make every photon count, then look to Hamamatsu.  

SiPM / MPPC®

the ultimate detector

www.hamamatsu.com

Make every photon count
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