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See http://bama.ua.edu/~byrd/InconvenientGalaxy.ppt#15  for a power point presented at the American Astronomical Society press conference.

Many galaxies have disks which consist mostly of stars plus some gas and dust, which all orbit very slowly around their centers. For example, our Sun, one of many stars in our Milky Way disk galaxy, orbits 25,000 light years from the center of our galaxy completing a circuit once every 250 million years. Our galaxy and other disk galaxies often show spiral arm patterns winding out from a central nuclear bulge of stars.  A particularly beautiful arm pattern is seen in Hubble Space Telescope (HST) images of the galaxy NGC4622 studied by a team of astronomers (Gene Byrd, Ron Buta, Tarsh Freeman and Sethanne Howard).  

Previously, this team found to their puzzlement that NGC 4622’s disk appears to be rotating in the opposite direction that they expected.  Their HST images show NGC 4622 and its outer pair of winding arms with new stars in blue and old disk stars in yellow. The team used dust cloud silhouettes and reddening in the HST pictures and Doppler shifts over the disk to determine that the galaxy may be spinning clockwise (CW) on the sky.

The CW rotation is puzzling because of the direction the outer pair of spiral arms point. Most spiral galaxies have arms of gas and stars that trail outward relative to the disk turning. However, this galaxy apparently has two outer arms that ``lead,” winding outward in the same direction as the galaxy's CW rotation. As also seen in the HST image, to add to the puzzle, NGC 4622 also has a single inner arm that apparently trails outward relative to the CW disk rotation.

Their conclusion that the outer pairs of arms lead depends on determination from the Doppler shifts and the HST images which disk edge is tilted toward the Earth.  Astronomers have been skeptical of this conclusion partly because the NGC4622 disk is not tilted very much (about 19 degrees) and because the dust might simply be concentrated on one side of the disk creating misleading results. 

To double check their earlier unexpected results and to respond to doubters, the team used a Fourier component image method which is independent of the dust distribution and which edge of NGC4622 is nearer.  As can be seen in the HST component images, they discovered two new arm components: (1) an inner CCW pair hidden by the stronger inner CCW single arm component. (2) an outer CW single arm hidden by the stronger outer CW pair. Thus, regardless of disk rotation sense and which edge is nearer, NGC4622 MUST have a pair of leading arms as well as a single leading arm. 

The team compared blue (B), visual (V) and infra-red (I) component images to show which pair of arms lead, the weak inner or the strong outer pair.  As can be directly seen in the color HST image, newly formed blue groups of blue stars “light up” downstream in angle from the stellar arms.  This is more clearly seen in B versus I and V Fourier component images. A co-rotation (CR) radius in the disk is the point where the arm motion is the same as the disk orbital motion. Inside or outside CR the orbital motion is either faster or slower than the arm motion.  The downstream IVB sequence reverses crossing CR (e.g. IVB to BVI or the reverse).  The HST photos show CR reversals at 12,000 and 19,000 light years from NGC4622’s center.   From the IVB reversal and the clearly observed orbital angular rate decline with radius across the 12,000 light year CR, the disk orbit must be CW and the strong outer CW arm pair must lead.     

Because two independent methods now indicate that NGC4622’s arms behave in a very unusual fashion, further studies of the origin of this behavior are needed and justified.  NGC4622’s two outer arms are somewhat lopsided which indicates that something may have disturbed its disk. Image processing reveals a dark dust lane in the center of the Hubble image which suggests that NGC 4622 may have consumed a small companion galaxy. 

NGC 4622 resides 111 million light-years away in the constellation Centaurus.  The HST pictures were taken in May 2001 with Hubble's Wide Field Planetary Camera 2.   Team members Gene Byrd and Ron Buta are from the University of Alabama College of Arts and Sciences, Tuscaloosa, Tarsh Freeman from Bevill State Community College in Alabama and Sethanne Howard is retired from the US Naval Observatory. Their determination via a method independent of earlier work that NGC4622’s outer arms lead will be presented at the January 2008 meeting of the American Astronomical Society. It is also scheduled for January 2008 publication in Astronomical Journal.   Contact person is Gene Byrd at email 

byrd@bama.ua.edu   and phone 205 3945853.

Illustrations are on following pages.
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Image of NGC4622-. Note the strong inner CCW outward winding single arm and the strong outer CW outward winding pair of arms.  Also note the line of blue associations on the inside of  the yellow stellar arm at the top.  The yellow stellar arm below the top arm has blue associations on the outside of the stellar arm.  This reversal indicates a co-rotation (CR) radius between the two.   We use reversals like this in Fourier component images to locate CR radii. 
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Deprojected two-fold Fourier component image of  NGC4622.  North is upper right.  One of the previously known strong pair of outer CW arms is marked with white dots.  Interior to this, one of the newly found pair of CCW trailing arms is marked with black dots. Therefore, NGC4622 MUST have a pair of leading arms. Since the inner arm pair winds outward CCW and the orbital angular rate is clearly observed to decline with increasing radius in this region, the disk orbit sense must be CW.  The outer CW pair thus must lead, consistent with indications that the orbit angular rate may rise with increasing radius in this outer region. 
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Deprojected one-fold Fourier component image of  NGC4622.  North is upper right.  The previously known strong single inner CCW arm is clear.  A newly found single outer CW arm is marked with black dots. Therefore, NGC4622 must have a single leading arm component.   Since the inner arm pair winds outward CCW in the previous figure and  the orbital angular rate is clearly observed to decline with increasing radius in this region,  the disk orbit sense must be CW..   The single outer CW arm thus must lead, consistent with observations that the orbit angular rate may rise in this outer region. 

