
!"#$"#%"&!'()*+,-./01.2&%34('2(&.5&6),&!+&789:;&<'=>03-6,//4=&?,@='-&+'2(!

"#!$%#&#'(!)*+)!&$,-,.!%#&/.0-/'!1/%/',+%,$)*1!*2,+*'+!/3&#%4,-/'&!/5!()#!67!89:;<!1*%102&(#..,%!=#3%*&!=0&(!%*'+!(),(!>#!/3(,*'#=!0&*'+!()#!3%/,=!/$-1,.!%#&$/'&#!/5!()#!6033.#!?$,1#!@#.#&1/$#!A2,+*'+!?$#1(%/+%,$)B!"#!0&#!/0%!4*&0,.!>,4#.#'+()!/3&#%4,-/'&!(/!*2$%/4#!0$/'!()#!#,%.*#%!2#,&0%#=!
+#/2#(%*1,.!$,%,2#(#%&!/5!()#!%*'+C.*D#!=*&D!/%*+*',..E!=#(#%2*'#=!5%/2!./>#%!%#&/.0-/'!6?@FGAHIJ?!/3&#%4,-/'&B!@>/!&*+'*K1,'(!L0M!=#'&*(E!,&E22#(%*#&!*'!()#!=0&(!%*'+!,%#!'/(#=N!OPQ!$%#5#%#'-,.!5/%>,%=!&1,R#%*'+!3E!()#!=*&D!+%,*'&!,'=!OSQ!,'!,T*20(),.!&0%5,1#!3%*+)('#&&!O?UQ!,'*&/(%/$E!,3/0(!()#!
2/%$)/./+*1,.!2*'/%!,M*&!/5!()#!=*&D!>*()!1/%%#&$/'=*'+!=*V#%#'-,.!,'&,.!3%*+)('#&&B!"#!K'=!()#!=#3%*&!%*'+!/V&#(!5%/2!()#!./1,-/'!/5!()#!&(,%!3E!.#&&!(),'!PB8!<WX!,!&)*Y!*'&0Z1*#'(!(/!#M$.,*'!()#!=*V#%*'+!3%*+)('#&&#&!/5!()#!G[!,'=!?"!,'&,#!&*2$.E!3E!()#!%CS!=*2*'0-/'!/5!&(,%.*+)(B!@)#!?@A?!=,(,!,.&/!
3#R#%!\0,'-5E!()#!%,=*,.!1/'K'#2#'(!/5!()#!&(,%.*+)(C&1,R#%*'+!1*%102&(#..,%!=#3%*&X!(/!,!1),%,1(#%*&-1!%#+*/'!.#&&!(),'!P8!<W!*'!$)/(/2#(%*1!),.5C>*=()X!>*()!,!&*+'*K1,'(.E!&(##$#%!*''#%!(%0'1,-/'!(),'!/0(>,%=!5,../V!*'!%,=*,.!?UB!@)#!*'5#%%#=!&$,-,.!=*&(%*30-/'!/5!()#!=*&D!+%,*'&!*&!1/'&*&(#'(!>*()!()#!
$/&&*3*.*(E!/5!/'#!/%!2/%#!0'&##'!1/C/%3*(,.!$.,'#(,%EC2,&&!$#%(0%3#%&B!@)#!1/./%&!/5!()#!=*&D!+%,*'&!,%#!1/'&*&(#'(!>*()!,!1/..*&*/',..E!#4/.4#=!$/$0.,-/'!/5!=#3%*&X!$/&&*3.E!*'1.0=*'+!*1#&!%#==#'#=!3E!%,=*,-/'!#M$/&0%#!(/!()#!1#'(%,.!&(,%B!!

A/,22&">)2,'B,=C&DE2'FG&.5&;='H.24IJ&;G&KG&L,'2@,=(,=&D?#MJ&<4=2,(',&%2-6G&.5&L4-)'2(6.2IJ&NG&NG&O,>P/'2&DE<Q;IJ&KG&!G&?,@,-&D?#MJ&<4=2,(',&%2-6G&.5&L4-)'2(6.2IJ&OG&;G&"3'6)&DE2'FG&.5&!4R4''I!

@,3.#!P!C!67!89:;<!HA7HWI?@[]]<7!^[U7A?!7AG_!_[JI[@7AH!`<7<I[@[7?!

 Position Angle of the Major Axis       27.01° ± 0.16°!

 Major:Minor Axis Length Ratio           4.10 ± 0.05!

 Implied Polar Inclination              75.88° ± 0.16°!

 Ansal Separation (Photocentric Peaks)  41.563 ± 0.088 pixels, 2.107” ± 0.0045”!

 Major Axis (Best-Fit Ellipse)          41.698 ± 0.108 pixels, 2.114” ± 0.0055”!

 Henyey-Greenstein g                     0.16 ± 0.06 (at 0.6 microns)!

 Ansal SB Asymmetry Factor               0.74 ± 0.07 (at 0.6 microns)!
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Fig  5.  Characteristic  width  of  the  HR 4796A ring  defined 

from a cross-sectional profile through the NE ring ansa along 

the major axis of the best-fit ellipse (BFE). Arrows show the 

profile’s  exterior  and  interior  half  widths  at  half-intensity 

maximum and 1 - 1/e of the maximum. The distance along 

the major axis is measured from the center of the BFE.!

!"#$(*$<!!50 mas wide slice along the major axis of the disk shows the 

locations of the NE and SW ansae at respective  distances of 1.040” and 

1.079”  from the  star  (vertical  dashed  lines;  stellar  location  at  zero  is 

marked with a dotted line). The mid-point between the the ansae, i.e., the 

ring center, is shifted 19 ± 6 mas away from NE ansa. At the distance to 

HR 4796 of 72.8 pc, this is a stellocentric offset of 1.4 ± 0.4 AU!

Fig 7. From Debes et al. (2008). Left: An optical/near-IR reflectance spectrum of the HR 4796A debris ring (Qsca is a measure of the 

wavelength-dependent scattering efficiency of the disk grains) derived from STIS  and NICMOS filter-band photometry (from HST GO 

program 10167) is well-fit by tholins (heteropolymers formed by UV irradiation of organic simple  compounds as is seen on  small icy 

bodies in the outer parts of our solar system.  Right: False color image of the HR4796A debris ring derived from the STIS 0.6 (blue), 

NICMOS 1.1 (green) , and NICMOS 1.7 µm images).!
Fig 3. NICMOS 1.1 µm (left) and STIS 0.6 µm (right) images of the HR 4796A circumstellar debris ring.  The red dots mark the center of 

the ring (as  determined from the STIS image),  offset  from the location of  the coronagraphically  occulted star.  Both images show a 

decrement in ring brightness at celestial PA " 230°.!

Fig 1a. TOP: The HR 4796A debris ring is 

visible  superimposed  upon  residual  light 

from  the  stellar  PSF  unsuppressed  by  the 

STIS coronagraph in two (multiple exposure 

combined)  images  with  the  celestial  field 

reoriented  by  16°.  BOTTOM:  Similarly 

observed reference star (HR 4748) PSFs.!

Fig  1b.  By  separately  subtracting  the  two 

HR 4748 PSF templates  from the two HR 

4796A star+disk  images,  the  circumstellar 

disk  is  better  revealed.  Artifacts  from PSF 

subtraction are largely rotationally invariant, 

though temporal changes in the PSF result in 

imperfect and slightly different subtractions.!

Fig  1c.  Final  analysis  quality  image.  The 

four PSF subtracted images, co-registered on 

the  location  of  the  star  are  rotated  to  a 

common  celestial  frame  and  median 

combined  after  individually  masking  the 

STIS occulting wedge and diffraction spikes 

from the optical telescope assembly.!
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Fig 2.  Best-fit radial-peak SB ellipse (black) from isophote fitting of seven SB contours at, and flanking, the radius of the ring ansae.  

Yellow line connects ansal photocenters – displaced toward the brighter side semi-minor axis due to forward scattering.!
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Fig 4.  Deprojected image of the disk (with flux conservation) showing SB isophotes.  The color bar shows 3.2% intensity isophotes 

switching from orange to blue at 50% of the peak SB. We fit concentric circles to seven ring isophotes at the 25%, 50%, 75%, and 100% 

SB levels normalized at each azimuth to the maximum SB at each position angle in each azimuthal bin. Azimuthal samples were made at 

5° deprojected increments as marked on the interior of the image. Photometry for these samples was done in apertures fully enclosing the 

projected FWHM of the STIS PSF, as shown in the bold black squares that were rotated to maintain a fixed inner and outer distance from 

the ring center. The numbers around the periphery of the disk image give the SB as a percentage of the peak ansal brightness at each fit 

point along the 100% contour. The light blue circle shows the best fit at the 100% contour. The horizontal blue line shows the ellipse major 

axis. The yellow line connects the ansae and therefore shows the offset of the ellipse due to forward scattering. Also shown at left are what 

the STIS PSF looks like when deprojected, (top) on a stretch that shows all of its details, and (bottom) the same PSF clipped at the FWHM 

to show only the core shape. The yellow square on the lower PSF shows the size of the photometric extraction aperture.!
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