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High-energy cosmic rays pack a punch: their 
particles hold some 10 million times more 
energy than can be produced by accelerators 
on Earth. Astronomers had thought that they 
were getting close to understanding the origins 
and composition of these intense particles. 
Now it seems they must think again.

Data collected three years ago by a team 
at the Pierre Auger Observatory in Men-
doza, Argentina, suggested a tentative align-
ment between these incoming particles and 
active galactic nuclei (AGN). This hinted 
that the supermassive black holes in the 
AGN might be the long-sought cosmic par-
ticle accelerators that give the rays their huge 
energies (The Pierre Auger Collaboration
Science 318, 938–943; 2007).

The apparent connection with black holes 
electrified the astrophysics community. “We 
thought a new astronomy had been born: 
charged particle astronomy,” says Charles Der-
mer, a cosmic-ray astrophysicist at the US Naval 
Research Laboratory in Washington DC. 

But at a meeting of the American Physical 
Society in Washington DC on 16 February, the 
Auger team began to backpedal on its original 
conclusions. The group revealed new data that 
weaken the link between the high-energy par-
ticles and the AGN. 

Compounding the mystery, the team has 
found evidence that these highest-energy 
cosmic rays might be iron nuclei, rather than 
the protons that make up most 
cosmic rays. “There are some 
puzzles,” says Paul Sommers, 
co-spokesperson for the Auger 
collaboration at Pennsylvania 
State University in University Park. “We’re 
not close to writing the final chapter.”

Low-energy cosmic rays, made mostly of 
protons, strike Earth continually. They origi-
nate within the Milky Way but are seen coming 
from all directions in the sky because mag-
netic fields in the Galaxy bend their paths and 
obscure their original sources. Higher-energy 
cosmic rays from outside the Galaxy are much 
less frequent, but are potentially more valuable 
as astronomical tracers because they barrel into 
the Galaxy on straighter paths.

The most extreme of them hit the planet 
with enormous energies of 1 × 1020 electron-
volts (eV; by comparison, protons produced 
by the Large Hadron Collider will top out 
at 7 × 1012 eV). These high-energy particles 
could provide a way to detect new physics 

beyond the standard model of subatomic 
particles and the forces that control them. 
When high-energy particles strike the upper 
atmosphere, they create ‘air showers’ of bil-
lions of particles and a faint flash of light that, 
on moonless nights, can be seen at places such 
as the Auger Observatory, a 3,000-square-
kilometre array of detectors on the dry plains 
of Patagonia.

But gleaning clues about these cosmic rays 
is difficult because of their rarity; on average, 

fewer than one particle per cen-
tury strikes a square kilometre of 
ground. Over the years, astrono-
mers have considered a handful 
of possible origins besides the 

AGN for these rarest of rays. Some suspect the 
exploding stars that create γ-ray bursts, and 
Dermer says that it is possible that even small 
black holes and neutron stars could ramp the 
particles up to the necessary energies.

The latest results from the Auger scientists put 
all of these potential origins back in the game. 
Although the 2007 paper was based on just 13 
of the highest energy cosmic rays, Sommers 
says that the team is preparing a new analysis 
for publication that is based on 44 more events. 
Fewer than 40% of these cosmic rays seemed to 
be coming from the AGN, a much weaker corre-
lation than previously reported. The rays are not 
randomly distributed but follow the distribution 
of matter visible in the Universe. 

The strangest aspect of the latest results relates 
to the particles’ composition. As the team reports 

in a paper accepted for publication in Physical 
Review Letters (The Pierre Auger Collabora-
tion, preprint at http://arxiv.org/abs/1002.0699; 
2010), they are seeing small air showers that are 
indicative of iron nuclei, rather than the larger 
showers that point to protons. Ultrahigh-energy 
cosmic rays made of iron nuclei would be harder 
to explain because such nuclei are less common 
than protons and are more likely to be broken 
down by the violent mechanisms thought to 
accelerate cosmic rays. 

Complicating the picture further is the fact 
that a rival experiment in the Northern Hemi-
sphere — the older and smaller High Resolu-
tion Fly’s Eye (HiRes) experiment in Utah 
— has produced contradictory data. Spokes-
man Pierre Sokolsky of the University of Utah 
in Salt Lake City says that his team’s results, 
based on just ten cosmic rays, suggest that they 
are protons and come from a random distribu-
tion in the sky. The analysis is under review at 
Astrophysical Journal Letters.

Sokolsky points out that the cosmic-ray flux 
at HiRes could just be different from that seen 
in Argentina. Earth’s Northern Hemisphere 
(and therefore HiRes) generally faces away from 
the centre of the Milky Way, so the magnetic 
fields in that direction could differ. By con-
trast, several prominent and nearby potential 
sources of cosmic rays, such as the AGN of the 
galaxy Centaurus A, are visible from the South-
ern Hemisphere. “Nature is throwing us a few
curve balls, it looks like,” says Sokolsky.  ■

Eric Hand

Cosmic-ray theory unravels
Astrophysicists ponder whether ultrahigh-energy particles really do come from the centre of galaxies. 

The black hole at the centre of the galaxy Centaurus A is just one potential source of cosmic rays.

“It looks like nature 
is throwing us a few 
curve balls.”

N
A

S
A

/
C

X
C

/
C

FA
/

R
. K

R
A

F
T

 E
T

 A
L.

; M
P

IF
R

/
E

S
O

/A
P

E
X

/A
.W

E
IS

S
 E

T
 A

L.
; E

S
O

/
W

F
I

X
C

O
R

 A
E

R
O

S
P

A
C

E

1011

Vol 463|25 February 2010

1011

NATURE|Vol 463|25 February 2010 NEWS

1011 News.indd   10111011 News.indd   1011 23/2/10   11:27:4323/2/10   11:27:43

© 20  Macmillan Publishers Limited. All rights reserved10



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck true
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <>
    /CHT <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF che devono essere conformi o verificati in base a PDF/X-1a:2001, uno standard ISO per lo scambio di contenuto grafico. Per ulteriori informazioni sulla creazione di documenti PDF compatibili con PDF/X-1a, consultare la Guida dell'utente di Acrobat. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 4.0 e versioni successive.)
    /JPN <>
    /KOR <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die moeten worden gecontroleerd of moeten voldoen aan PDF/X-1a:2001, een ISO-standaard voor het uitwisselen van grafische gegevens. Raadpleeg de gebruikershandleiding van Acrobat voor meer informatie over het maken van PDF-documenten die compatibel zijn met PDF/X-1a. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 4.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents that are to be checked or must conform to PDF/X-1a:2001, an ISO standard for graphic content exchange.  For more information on creating PDF/X-1a compliant PDF documents, please refer to the Acrobat User Guide.  Created PDF documents can be opened with Acrobat and Adobe Reader 4.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /HighResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [665.858 854.929]
>> setpagedevice


