AGE  OF THE UNIVERSE  

VERRE STERRENSTELSELS, 

16 AUGUSTUS 2000. 

Er zijn steeds meer aanwijzingen dat de melkwegstelsels vroeg in de geschiedenis van het heelal zijn ontstaan. Er worden op grote afstanden (roodverschuivingen groter dan 4) nu dermate veel heldere stelsels gevonden, dat het vormingstijdstip naar een steeds vroegere 'datum' verschuift.


Sterrenkundigen van de universiteit van Durham hebben bij onderzoek op rode en infrarode golflengten vastgesteld dat er bij een roodverschuiving van 5 à 6 (lees: op het moment dat het heelal slechts een twintigste van zijn huidige leeftijd had bereikt) bijna net zo veel heldere melkwegstelsels waren als nu!

Dat betekent dat de vorming van de stelsels al 700 miljoen jaar na de oerknal zo goed als voltooid moet zijn geweest. 

Het wordt steeds moeilijker om deze vroege vorming te verklaren.


Meer informatie:
http://star-www.dur.ac.uk/cosmology/pressrelease.html
Van Cambridge University/AFP [IAU]

Beyond the Final Frontier!

The William Herschel Deep Field is a 7x7 arcmin square patch of sky centred near 00h20m +00° which has been imaged from the ground in a variety of optical and near-IR bands.

Here is the text of the press release. 

INTERNATIONAL ASTRONOMICAL UNION XXIVth GENERAL ASSEMBLY, MANCHESTER, UK

7 - 18 August 2000

Media release    Date issued: 5 August 2000

NEW EVIDENCE THAT GALAXIES FORMED EARLY IN THE HISTORY OF THE UNIVERSE

Summary:  

So many bright galaxies are now being detected at very high redshift (z>4), galaxies must be even older and have formed even earlier than previously thought. 

Astronomers at Durham University (UK) have found new evidence that large

numbers of galaxies were in existence at even earlier times than previously

thought. They have identified many galaxies with redshifts between 4 and 6.

This means they were already in existence about 10 billion years ago, when

the universe was six times smaller than it is now. With this discovery,

researchers may have to rethink their ideas about how galaxies formed. The

work will be presented on Thursday 17th August by Dr Tom Shanks at a

symposium during the International Astronomical Union General Assembly in

Manchester (UK).

Because of the finite speed of light, pictures of very remote galaxies

(identifiable because their redshifts have high values) record them as they

appeared many billions of years ago, or even in the process of formation.

Observations of this kind directly test cosmological theories about how and

when galaxies formed. The most popular theories so far have said that

galaxies formed relatively recently and predict that hardly any galaxies

should be seen with high redshifts.

Now, new red and infra-red pictures have been taken of small areas of the

sky already targetted by the deepest ultraviolet and blue surveys. The new

images extend the search for galaxies to higher redshifts than every before.

Surprisingly, the new results show such large numbers of galaxies that there

seems to be almost as many bright galaxies with redshifts of 5 as there are

at low redshifts nearby! This makes the epoch of galaxy formation earlier in

the history of the universe than astronomers previously thought. 

 Beyond The Final Frontier! 

The ground-based pictures come from the UK/Dutch/Spanish 4.2-metre William

Herschel Telescope in the Canary Islands and from the 3.5-metre Calar Alto

Telescope in Spain. Tens of hours of exposure time went into a picture taken

in red light at the Herschel Telescope with another similarly long exposure

made in infrared light at Calar Alto. These pictures have been compared to

new pictures in infrared light taken with the Hubble Space Telescope in its

Hubble Deep Field North and to new optical and infrared pictures in the

Hubble Deep Field South. The Space Telescope exposure was a total of 120

hours in a single tiny patch of sky, observing in ultraviolet, blue and red

light. The Space Telescope pictures reach deeper (i.e. can see fainter

objects) than the ground-based pictures but they cover a smaller area of

sky. However, the basic result is that the counts of high redshift galaxies

from both the ground- and space-based experiments agree well, in the range

where they can be compared and so both these experiments appear to be giving

consistent results. 

In 1996, the ultraviolet and blue pictures in the Herschel and Hubble Deep

Fields revealed so many faint blue galaxies at a redshift of 2 that they

already challenged the claims of the most popular cosmological theory, which

suggested that galaxies formed around a redshift of 1, when the universe was

half as big as it is now. Since then, observations by Charles Steidel and

collaborators at the 10-metre Keck telescope confirmed the Durham group's

results by finding many galaxies at redshifts of 3 and 4. Now, applying

similar techniques as before but to the new red and infra-red pictures, Dr

Shanks and colleagues find large numbers of galaxies at the even higher

redshifts of 5 to 6. There are as many galaxies at these high redshifts as

are found locally. 

Dr Shanks says, "Four years ago, we described the galaxies we found at with

redshifts of 2 as being at 'The Final Frontier' because we thought that just

beyond them we might be looking back to a time before galaxies formed. Now

that large numbers of galaxies at even higher redshifts have been found, we

feel entitled to describe them as being Beyond the Final Frontier!". 

BACKGROUND NOTES

Deep Pictures as Time Machines.

Light travels at a speed of 300 000 kilometres per second. Although this

speed is high it is finite and this means that light takes about 8 minutes

to reach us from the Sun. The huge size of our Milky Way Galaxy means that

light takes about 25 000 years to reach us from the Centre of our Galaxy.

But the light from the faint galaxies seen in these deep pictures has come

from even farther away, so far away that the light has taken about 10

billion years to reach us!! This is close to the estimated age of the

Universe and hence the deep pictures are probing not only out in distance

but they probe back in time as well, since we can see galaxies as they

appeared early in the history of the Universe. In this sense the deep

pictures can be viewed as time machines allowing us to see deep into our

past. The allow cosmologists directly to observe galaxies in the process of

formation. Their theories can then be tested in detail. 

The ability to detect galaxies at redshifts as high as z=6 comes from the

new red and near-IR Hubble and Herschel deep pictures. Essentially they

allow much more accurate measurements of the colours of the faintest

galaxies, and the quality of these measurements is so high that the galaxy

colours become a very good substitute for galaxy spectra and this allows new

estimates of the galaxy redshifts to be obtained. 

Could we detect galaxies at even higher redshifts?

The detection of bright galaxies at z=4-6 opens up the question as to

whether galaxies at even higher redshift may exist. Though it would make

even more problems for theorists, the timespan between z=10 or z=20 and z=5

is incredibly short relative to the timespan between z=5 and z=0. To observe

galaxies at these redshifts we need even deeper pictures over a relatively

wide field, particularly at infra-red wavebands. The new Wide Field Camera

at the UK Infrared Telescope on Hawaii and the UK VISTA telescope in Chile

which will be available in a few years will open up these new redshift

regimes for observation. A few years later the giant NASA-ESA 6.5-metre Next

Generation Space Telescope (NGST) in which the UK has a share will be

launched to observe even deeper and further into the infrared with the prime

aim of detecting at the highest redshifts the dawn of the age of the

galaxies. 

 The Durham Cosmology Group.
The members of the Durham research team are Tom Shanks (Reader), Nigel

Metcalfe (Computer Officer), Dick Fong (Sen. Lecturer), and Geoff Busswell

(PhD student). The Durham Cosmology group has been active in the Deep

Imaging/ Galaxy Counts area since 1976. The group is very experienced in the

techniques of measuring the light from faint galaxies as the group has led

the way in faint galaxy research, first using machine measured photographs

to take detect galaxies at the B=20-24mag limits in the period (1976-1984).

They then used electronic CCD detectors on 4metre ground-based telescopes in

the period (1985-1996) and most recently using the Hubble Space Telescope

data , to probe from B=25mag to B=29mag. The group is also highly

experienced in the techniques of modelling the counts and colours of the

faint galaxies detected in these deep images. 

http://star-www.dur.ac.uk/cosmology/pressrelease.html
A copy of the scientific paper to be delivered at the IAU in Manchester is

available here in pdf format . -( lfirnat23.pdf
Here are some images: 
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Figure 1. A high redshift galaxy identified in the William Herschel Deep field.

Above ( : an infra-red 'true' colour image showing a bright galaxy indicated by the cross. 

Below ( 
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the same region of sky, but now a 'true' colour image taken at optical wavelengths. The cross indicates the same position as on the infra-red picture - the galaxy has completely dissappeared. This indicates that the galaxy has a redshift between 5 and 7. Many such high redshift galaxies are now being found, suggesting the epoch of galaxy formation may be at much higher redshift than previously thought.
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 INCLUDEPICTURE "http://star-www.dur.ac.uk/cosmology/colours_rih.jpg" \* MERGEFORMATINET [image: image4.jpg]




	Figure 2. An example of how different the sky looks at optical and infra-red wavlengths. These two panels show the same patch of sky, with an optical 'true' colour picture on the left and an infra-red one on the right. Notice how many of the redder galaxies in the optical image actually appear blue at infra-red wavelengths. There are also some very red galaxies on the infra-red picture which are entirely absent from the optical view. 

	[image: image5.jpg]a






	Figure 3. A false-colour view of the William Herschel Deep field through a single infra-red filter (1.6 microns) using the 3.5 Calar Alto telescope in Southern Spain. This exposure took 14 hours to complete and opens up a new, wide-angle (7arcmin) view of the Universe at infra-red wavelengths. Galaxies at the highest redshift are only detected at infra-red wavelengths - beyond the final frontier!



	   (

The full `true' colour optical image composed from the pictures taken through ultra-violet, blue and red filters (all using the William Herschel telescope). Click on the image for the full sized version. [image: image6.jpg]



 

	The full `true' colour infra-red image composed from the pictures taken through red and near infra-red (William Herschel ) 


  

 



MANCHESTER,

 10 AUGUSTUS 2000.

 Sterrenkundigen lijken het steeds meer eens te worden over de leeftijd van het heelal. Liepen de schattingen een aantal jaren geleden nog fors uiteen (van 10 tot 20 miljard jaar), nu lijkt men dan uit te komen op 14 miljard jaar plus of min 2 miljard jaar. Dat is de uitkomst van een onderlinge vergelijking van recente onderzoeksresultaten door sterrenkundigen van Cambridge University, die tijdens de IAU-bijeenkomst in Manchester bekend is gemaakt. Dat niet alle meettechnieken (ongeveer) hetzelfde resultaat opleveren, stemt echter tot enige voorzichtigheid


LEEFTIJD HEELAL, 

6 NOVEMBER 2000. 

Een quasar die door gravitatielenswerking viervoudig te zien is, is het doelwit van een hernieuwde poging om de leeftijd van het heelal te bepalen. Het licht van de quasar – de heldere kern van een actief melkwegstelsel – wordt door een (onzichtbaar) sterrenstelsel op de voorgrond afgebogen, waardoor het uit verschillende richtingen lijkt te komen. De vier 'omwegen' zijn niet allemaal even lang, waardoor flikkeringen in het licht van de quasar achtereenvolgens in de vier verschillende afbeeldingen te zien zijn. In één van de vier beelden is onlangs een half uur durende röntgenuitbarsting te zien geweest. Het is bedoeling dat deze quasar – en enkele andere meervoudige quasars die röntgenvariaties vertonen – gedurende langere tijd in de gaten wordt gehouden, om te zien of er ook achtereenvolgende röntgenuitbarstingen in de verschillende beelden waargenomen kunnen worden. Met behulp van de gemeten tijdverschillen kan de afstand van de quasar(s) worden bepaald, en daaruit weer de leeftijd van het heelal.
Meer informatie:


http://www.astro.psu.edu
Flickering Quasar Mirage Helps Chandra Measure the Expansion Rate of the Universe
	[image: image8.jpg]


November 7, 2000 -- Astronomers using the Chandra X-ray Observatory have identified a flickering, four-way mirage image of a distant quasar. A carefully planned observation of this mirage may be used to determine the expansion rate of the Universe as well as measure the distances to extragalactic objects, arguably two of the most important pursuits in modern astronomy. 

Right: This figure is a composite of the X-ray image of the gravitational lens RXJ0911.4+551 (top panel) and the light curves of the lensed images A2 (left panel) and A1 (right panel). Chandra clearly resolves the four lensed images of the distant quasar (top panel). The separation between images A1 and A2 is about 0.5 arcsec. A rapid flare that lasted for about 2000 seconds was recorded in image A2 whereas image A1 does not show any variability. Rapid changes in the kinematics and/or the ionization state of a broad absorption line system along our line of sight towards RXJ0911.4+551 may be responsible for the short time-scale of this flare. Our observation of RXJ 0911.4+0551 lasted for 30,000 seconds. Had the observation started earlier we would have expected the exact same flare to occur in images A1 and A3 just 0.8 and 1.6 days ahead of the observed flare in A2. 

George Chartas, senior research associate at The Pennsylvania State University (Penn State) and Mashall W. Bautz, principal research scientist at the Massachusetts Institute of Technology (MIT) Center for Space Research, present their findings today at the meeting of the High Energy Astrophysics Division of the American Astronomical Society in Honolulu, Hawaii. 

"With a carefully planned follow-up, the Chandra observation of quasar RXJ 0911.4+0551 may lead to a measurement of the Hubble constant, the expansion rate of the Universe, in less than a day," said Chartas. The observation would be done not with mirrors but with mirages -- four images of a single quasar that capture the quasar's light at different moments of time due to the speed of light and the location of the mirages. 

Quasars are extremely distant galaxies with cores that glow with the intensity of 10 trillion suns, a phenomenon likely powered by a supermassive black hole in the heart of the galaxy. This single "point source" image of a quasar may appear as four or five sources when the quasar -- from our vantage point on Earth -- is behind a massive intervening deflector, such as a dim galaxy. 

A mirage of images form when the gravity of the intervening deflector forces light rays to bend and take different paths to reach us. The time it takes for light to reach us from the distant object will depend on which path a ray decides to take. 

"An intervening galaxy can act as a lens," said Dr. Mark Bautz. "Now imagine that the distant lensed quasar suddenly became brighter. The mirage images of the quasar will brighten up at different times depending on the difference in the light travel delay." 

Unlike ordinary galaxies, quasars do vary greatly in their intensity, especially in the X-ray waveband, said Prof. Gordon Garmire. This is caused by the violent and erratic flow of gas into the black hole that is powering the quasar. In quasar RXJ 0911.4+0551, the astronomers saw a sudden brightening of X-ray intensity that lasted for about 2,000 seconds. This was observed in one of the four mirage images. 

Measuring the time-delay of the 2,000-second flare -- or any flare -- from mirage to mirage can provide the absolute distance to the deflector (intervening galaxy) and can thus be used to estimate the expansion rate of the Universe. Dr. Sjur Refsdal first proposed this promising method in 1964. The method avoids many uncertainties associates with the classic distance ladder technique used to measure objects and the Hubble constant. 

The main difficulty in measuring time-delays is that the brightness of each image has to be carefully monitored over several periods of the time-delay. Also, the quasar has to show sufficient variability over time scales smaller than the time-delay. Most attempts to measure time-delays until now have been made in the optical and radio bands. The modest variability of quasars in these wavebands, however, has made it extremely difficult to place accurate constraints on time-delays. 

X-ray observations of gravitationally lensed quasars, on the other hand, show strong variability over time scales of hours to days. For example, it has taken almost 20 years of optical and radio monitoring to obtain a universal accepted time-delay for the lensed quasar Q0957+561 to an accuracy of 3%. Chandra has the potential, the team has found, to determine the time-delay in one observation. 

"Based on computer models developed at Penn State and MIT, we have identified about ten gravitational lens systems with time-delays of less than a day," said Chartas. "One long observation of each source with a superior X-ray telescope could provide enough data to nail down the Hubble constant in the blink of an eye..." 

The team is planning to apply the gravitational lens method in the near future to several of these systems using the Chandra and XMM-Newton X-ray observatories. 

The Chandra observations of quasar RXJ 0911.4+0551 were made on November 2, 1999, using the Advanced CCD Imaging Spectrometer (ACIS). The effort involved several scientists from The Pennsylvania State University and the Massachusetts Institute of Technology. 

ACIS was conceived and developed for NASA by Penn State and MIT under Garmire's leadership. NASA's Marshall Space Flight Center in Huntsville, Alabama, manages the Chandra program. TRW, Inc., in Redondo Beach, California, is the prime contractor for the spacecraft. The Smithsonian's Chandra X-ray Center controls science and flight operations from Cambridge, Massachusetts. 


Van Durham University [IAU]
LEEFTIJD HEELAL, 

7 FEBRUARI 2001.

 Met de Europese Very Large Telescope zijn nieuwe metingen gedaan waaruit de leeftijd van het heelal kan worden afgeleid. 

Met behulp van een gevoelige spectrograaf is 'op afstand' de hoeveelheden uranium-238 en thorium-232 gemeten in een van de oudste sterren van ons melkwegstelsel. 

Beide elementen zijn radioactief: hun hoeveelheden nemen in de loop van de tijd dus af, terwijl de hoeveelheden stabiele elementen gelijk blijven. 

Uit de metingen blijkt dus hoe lang de beide elementen in de ster al aan het vervallen zijn. De uitkomst is dat de ster 11 tot 16 miljard jaar oud is, met een meest waarschijnlijke waarde van 12,5 miljard jaar.
 Het heelal is/ moet dus nog iets ouder zijn dan dat.


Meer informatie:

http://www.eso.org
A Glimpse of the Very Early Universal Web

The VLT Maps Extremely Distant Galaxies

	Summary
New, trailblazing observations with the ESO Very Large Telescope (VLT) at Paranal lend strong support to current computer models of the early universe: It is "spongy", with galaxies forming along filaments, like droplets along the strands of a spiders web. 

A group of astronomers at ESO and in Denmark [1] determined the distances to some very faint galaxies in the neighbourhood of a distant quasar. Plotting their positions in a three-dimensional map, they found that these objects are located within a narrow "filament", exactly as predicted by the present theories for the development of the first structures in the young universe.

The objects are most likely "building blocks" from which galaxies and clusters of galaxies assemble.

This observation shows a very useful way forward for the study of the early evolution of the universe and the emergence of structures soon after the Big Bang. At the same time, it provides yet another proof of the great power of the new class of giant optical telescopes for cosmological studies.

PR Photo 19a/01: Web-like structures in the young Universe (computer model).
PR Photo 19b/01: A group of objects at redshift 3.04.
PR Photo 19c/01: Animated view of sky field and distant filament.
PR Photo 19d/01: The shape of the filament.
PR Photo 19e/01: Artist's impression of the very distant filament.
PR Video Clip 04/01: Video animation of the very distant filament.




The computers are ahead of the telescopes

For the past two decades cosmologists have been in the somewhat odd situation that their computers were "ahead" of their telescopes. The rapid evolution of powerful computer hardware and sophisticated software has provided theorists with the ability to build almost any sort of virtual universe they can imagine. Starting with different initial conditions just after the Big Bang, they can watch such fictional worlds evolve over billions of years in their supercomputers - and do so in a matter of days only.

This has made it possible to predict what the universe might look like when it was still young. And working the opposite way, a comparison between the computer models and the real world might then provide some information about the initial conditions.

Unfortunately, until recently astronomical telescopes were not sufficiently powerful to directly study the "real world" of the young universe by observing in detail the extremely faint objects at that early epoch, and thereby to test the predictions. Now, however, the advent of giant telescopes of the 8-10 metre class has changed this situation and a group of astronomers has used the ESO Very Large Telescope (VLT) at Paranal Observatory (Chile) to view a small part of the early cosmic structure. The telescopes have begun to catch up with the computer simulations.

First Structures of the Universe

	

ESO PR Photo 19a/01

[Normal - JPEG: 706 x 800 pix - 952k]
	Caption: Computer model of the universe at an age of about 2 billion years (i.e., at redshift 3, see the text). In the simulated universe gravity causes the primordial matter to arrange itself in thin filaments, much like a spider's web. The colour coding indicates the density of the gas, yellow for highest, red for medium, and blue for the lowest density. In the high density (yellow) regions the gas will undergo collapse and ignite bursts of star formation. Those small star-forming regions will slowly stream along the filaments. When they meet at the intersections (the "nodes"), they will merge and cause a gradual build-up of the galaxies we know today. In this sense they are the building blocks of which galaxies are made. This simulated image was computed by Tom Theuns at the Max-Planck-Institute for Astrophysics, Garching, Germany, and kindly made available for this Press Release (please be sure to quote the source).


All recent computer-simulations of the early universe have one prediction in common: the first large-scale structures to form in the young universe are long filaments connected at their ends in "nodes". The models typically look like a three-dimensional spider's web, and resemble the neural structure of a brain (PR Photo 19a/01).

The first galaxies or rather, the first galaxy building blocks, will form inside the threads of the web. When they start emitting light, they will be seen to mark out the otherwise invisible threads, much like beads on a string. In the course of millions and billions of years, those early galaxies will stream along these threads, towards and into the "nodes". This is where galaxy clusters will later be formed, cf. ESO PR 13/99. During this process the structure of the universe slowly changes. From being dominated by filaments, it becomes populated by large clusters of galaxies that are still connected by "bridges" and "walls", the last remains of the largest of the original filaments.

The Lyman-alpha spectral line

New observations with the ESO Very Large Telescope have now identified a string of galaxies that map out a tight filament in the early universe. This trailblazing result is reported by a team of astronomers from ESO and Denmark [1], who have been searching for compact clumps of hydrogen in the early universe.

Hydrogen was formed during the Big Bang some 15 billion years ago and is by far the most common element in the universe. When stars are formed by contraction inside a large and compact clump of hydrogen in space, the surrounding hydrogen cloud will absorb the ultraviolet light from the newborn stars, and this cloud will soon start to glow.

This glow is mostly emitted at a single wavelength at 121.6 nm (1216 Å), the "Lyman-alpha" emission line of hydrogen. This wavelength is in the ultraviolet part of the spectrum to which the terrestrial atmosphere is totally opaque. Accordingly, the Lyman-alpha emission can normally not be observed by ground-based telescopes. However, if a very distant hydrogen cloud emits Lyman-alpha radiation, then this spectral line will be red-shifted from the ultraviolet into the blue, green or red region of the spectrum [2].

For this reason, observations with large ground-based telescopes of Lyman-alpha radiation can be used to identify faint objects forming inside the high-redshift filaments. The team refers to such objects as the LEGO-blocks of cosmology ("Lyman-alpha Emitting Galaxy-building Objects") [3].

VLT confirms the predictions

	

ESO PR Photo 19b/01
Caption: PR Photo 19b/01 is a "true-colour" image of part of the sky field near the quasar Q 1205-30. Red, blue and yellow objects are displayed with their true colours, while objects at a redshift of about 3 and with strong Lyman-alpha emission lines have a bright green colour (see the text). Six Lyman-alpha Emitting Galaxy-building Objects (LEGOs for short) are marked by hexagons. The quasar (at the lower left) is marked by a larger hexagon and is seen to have an extended Lyman-alpha cloud in front of it, here visible as extended green light

[Normal - JPEG: 800 x 551 pix - 216k]
	

ESO PR Photo 19c/01
In PR Photo 19c/01, the entire sky field is shown, as observed through the blue filter. The quasar is marked by a red hexagon while the LEGOs are indicated by yellow hexagons. A total of eight objects at redshift 3.04 are identified. One is located in front of the quasar and was found by means of its absorption of the quasar light, while the seven other objects were identified by their Lyman-alpha emission. As explained in the text, all these objects are found to lie inside a thin filament, here visualized in an animated GIF-display. Almost all of the other objects seen in this deep image are either stars in the outskirts of our own Milky Way galaxy or faint galaxies lying between us and the distant filament. 

[Animated GIF: 369 x 369 pix - 67k]


Already in 1998, the present team of astronomers obtained very deep images with the ESO 3.58-m New Technology Telescope (NTT) at the La Silla Observatory (Chile) of the sky field around the quasar Q1205-30. The redshift of this distant object has been measured as z = 3.04, corresponding to a look-back time of about 85% of the age of the Universe. Assuming this to be about 15 billion years, we now observe the quasar as it appeared 13 billion years ago, hence about 2 billion years after the Big Bang.

The images were obtained through a special optical filter that only allows light in a narrow spectral waveband to pass. The astronomers chose this wavelength to coincide with that of the Lyman-alpha emission line redshifted to z = 3.04, i.e. 490 nm in the green spectral region. Lyman-alpha radiation from objects at the distance of the quasar - and thus, at nearly the same redshift - will pass through this optical filter. When these images are combined with other deep images taken through much wider red and blue filters, the Lyman-alpha emitting objects at redshift 3.04 will show up as small, intensely green objects, while most other objects in the field will appear in various shades of red, blue and yellow, cf. PR Photo 19b/01.

The spatial distribution of the galaxies

	

ESO PR Photo 19d/01
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ESO PR Photo 19e/01

[Normal - JPEG:5190 x 800 pix - 224k]


	 

	

ESO PR Video Clip 04/01
"A Cosmic Filament at z=3.04" (May 2001) 
(1000 frames/40 sec)
[MPEG Video; 192x144 pix; 3.6Mb]
[MPEG Video; 384x288 pix; 9.6Mb]

	Caption: PR Photo 19d/01 shows the three-dimensional distribution of the observed LEGOs (the hexagons); the three space co-ordinates being determined by the position in the sky and the distance (from the measured redshift, see the text). They are clearly located along a rather narrow filament, here indicated by a hollow cylinder seen from the front (left) and from the side (right). The surrounding box is drawn to facilitate the 3-D comprehension - it measures approximately 8.8 x 8.8 x 13.3 million light-years. PR Photo 19e/01 provides another view of the filament from a different angle, as well as an artist's impression (in colour). The eye represents the viewing angle of the telescope, see also PR Photo 19c/01. PR Video Clip 04/01 provides an animated view of the spatial configuration of the filaments and the observed objects.


Thanks to the great light-gathering capabilily of the VLT and the excellent FORS1 multi-mode instrument at the 8.2-m ANTU telescope, spectra of eight, faint Lyman-alpha objects were obtained in March 2000 that allowed measuring their exact redshifts and hence, their distances [2]. When two co-ordinates from the position in the sky were combined with the measured redshifts into a three-dimensional map, the astronomers found that all of the objects lie within a thin, well-defined filament, cf. PR Photos 19d/01 and 19e/01.

Speaking for the group, Palle Møller is exhilarated: "We have little doubt that for the first time, we are here seeing a small cosmic filament in the early universe. At this enormous distance and correspondingly long look-back time, we see it at a time when the universe was only about 2 billion years old. This is obviously in agreement with the predictions by the computer models of a web-like structure, lending further strong support to our current picture of the early development of the universe in which we live".

Implications of this discovery

Does this observation change our view of the early universe? No - on the contrary, it confirms the predictions of computer-models about how cosmic structures formed in the early days after the Big Bang.

The most important ingredient in the cosmological models is the dark matter that is believed to contribute about 95% of the mass of the universe. The present confirmation of the predictions of the models therefore also indirectly confirms that it is the dark matter that controls the formation of structures in the universe.

However, there is still a long way to go before it will be possible to make a more detailed comparison between observations and predictions, e.g., from PR Photo 19e/01 to PR Photo 19a/01! Asked about what they consider the most important consequence of their observations, the team responds: "We have shown that we now have an observational method with which we may study the cosmic web in the early universe, and the VLT is a great tool for such studies. The way forward is now pretty clear - we just have to find those faint and distant LEGOs and then do the spectral observations from which we may determine how they are distributed in space".

More information

The research described in this press release is the subject of a scientific article by the team, "Detection of a redshift 3.04 filament", to appear as a Letter to the Editor in the European journal Astronomy & Astrophysics.

Notes

[1] The team consists of Palle Møller, Johan Fynbo (both at ESO, Garching) and Bjarne Thomsen (Institute of Physics and Astronomy, Aarhus, Denmark).

[2] In astronomy, the redshift denotes the fraction by which the lines in the spectrum of an object are shifted towards longer wavelengths. The observed redshift of a distant hydrogen cloud or galaxy gives a direct estimate of the apparent recession velocity as caused by the universal expansion. Since the expansion rate increases with the distance, the velocity is itself a function (the Hubble relation) of the distance to the object. The higher the redshift of an object, the more distant it is and the longer is the look-back time, i.e. the earlier is the corresponding epoch.

[3] See also ESO Press Release 13/99 and ESO Press Release 08/00 (Report F).
VROEGE  HEELHAL 

18 MEI 2001. 

Waarnemingen met de Europese Very Large Telescope lijken 

· bestaande computermodellen van de verdeling van materie in het jonge heelal te bevestigen: 

· het heelal heeft een driedimensionale ‘spinnenwebstructuur’ waarbij de melkwegstelsels zich als dauwdruppeltjes langs de ‘draden’ hebben gevormd. 

· Dat blijkt uit nauwkeurige afstandsbepalingen van een aantal quasars (de kernen van verre melkwegstelsels), die langs een van de ‘draden’ lijken te liggen.
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