Israeli astronomers find a dark matter filament close to the Milky Way
Observations performed recently at Tel Aviv University’s Wise Observatory indicate that intergalactic gas is concentrated by dark matter and forms galaxies. The scientists studied in detail nearby galaxies and the results have implications for the galaxy formation mechanisms over the entire Universe. The study is part of the MSc thesis of Mr. Adi Zitrin, written under the guidance of Dr. Noah Brosch, the Director of the Wise Observatory.

The accepted picture of galaxy formation indicates that gas concentrates in regions of enhanced gravity force. The gravity “holes” are provided by dark matter, which makes up 23% of the Universe while the luminous matter is only a few percent. Although the nature of the dark matter is sill unknown, theoretical simulations indicated that the Universe is peppered by dark matter concentrations called “dark halos”. These halos attract intergalactic gas that turns into stars and makes up galaxies.
The study of Zitrin and Brosch focused on two groups of galaxies and a few unassociated galaxies that are about 15 million light-years away. This is nearby as galaxies go, since most galaxies are much more distant that than from the Milky Way (our galaxy). Nearby galaxies appear clearer and larger than more distant ones. The galaxies were first measured by the radio sky survey that is performed at Arecibo (Puerto Rico). Dr. Brosch is a member of the Oversight Committee of this survey, which is called ALFALFA. The survey measures the emission at a wavelength of 21-cm produced by atoms of cosmic hydrogen. Most radio sources are identified as galaxies that emit also visible light. The hydrogen emission is located in three-dimensional space since the velocity of the source is measured along with its position – the implication of the expansion of the Universe is that distance is proportional to velocity for distant objects.
The ALFALFA survey detected 14 galaxies in a small region of the nearby Universe that are at about the same distance from us and whose optical images hint at their young age. The attention of the investigators was attracted by the appearance of the galaxies on the sky; they seemed to be arranged along a straight line, while the entire region had a very low galaxy density. The study described here added to the visible light pictures of each galaxy new images obtained in the light produced by very young stars. Together with information at all visible bands, the images allow the reconstruction of the star formation history of each galaxy.

The scientists found that almost all galaxies formed young stars in the last few millions of years, a short period compared with the age of the Universe (almost 14 billion years). This phenomenon, of synchronized star formation in a number of nearby galaxies, is known in astronomy but is attributed to the influence of one galaxy on another following a collision or through the action of the “tidal force”; these can trigger a burst of star formation, but most galaxies from the 14 investigated by Zitrin and Brosch do not show signs of strong mutual interactions.
Theoretical calculations by astrophysicists at the Hebrew University headed by Prof. Avishay Dekel, of the formation of the large structures in the Universe, found that there are conditions where intergalactic gas can be collected by small dark matter halos without being heated to millions of degrees. Such “cold” gas can condense efficiently and will form stars. Other theoretical calculations showed that the process of large structure formation can create clusters of galaxies (concentrations of hundreds to thousands of galaxies in volumes of about 10 million light-years), field galaxies in regions of lower galaxy density, and cosmic “voids” that are almost empty of galaxies. The giant cosmic voids contain a few small halos; these are sometimes arranged along a dark matter filament that produces the gravity force to attract intergalactic gas.
The galaxies studied by Zitrin and Brosch are arranged along a 1.5 million light-year line in space, in a region identified as a cosmic void. All galaxies are young and dwarfish; the largest of them is only about 10% of the Milky Way and most are much smaller. Almost all form stars in the present epoch. The galaxies are a collection of halos arranged along a cosmic dark matter filament and the star formation is probably produced by gas accretion onto the filament. The nearness of this system of galaxies, only 15 million light-years away, allows detailed studies that will clarify the link between the nature of the dark matter and that of the galaxies observed today.
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Illustration:  The picture shows the 14 galaxies studied at the Wise Observatory. The image of each galaxy was assembled from three digital frames obtained through different filters. The colors are “blue”, “red”, and a special color produced by ionized hydrogen gas. The five faintest galaxies are synthetic reproductions for display. The sky region where the galaxies appear is six degrees wide, while each galaxy is only about one arc-minute, thus the galaxy images are highly enlarged to show individual internal details. The relative sizes of the galaxies are maintained, but their distances are reduced to fit the image and maintain relative locations. The colors have been modified to allow easy visibility of details. The background is artificial.

Note the alignment of the galaxies along a line stretching from the lower-right corner of the image to the top-left corner. The star-forming regions in the galaxies are highlighted as shining reddish points.
Further information: Dr. Noah Brosch at +972-3-640-7413

