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FIG. 2.  Our W FPC2 F555W  im age .  LEFT: ne gative  s tre tch . RIGH T: uns h arp-
m as k e d, again ne gative , s h ow ing h e avy dus t as  w h ite  and e xce s s  e m is s ion 
as  dark .

Both  F814W  (I) and F555W  (V) data w e re  obtaine d.  Th e s e  w e re  crucial 
for e s tim ating th e  s te llar m as s  profile  for NGC 4061.  Th e  m as s  de rive s  from  
th e  proje cte d lum inos ity (afte r de convolution), s o th e  dus t m ak e s  th is  cas e  

LINE FITTING FIG. 9 . (BELOW )  Kine m atics  de rive d by non-param e tric los vd-fitting 
of th e  G430L m ajor axis  data.  Top: radial ve locity. Bottom : ve locity 
dis pe rs ion.  Th e  tw o s ide s  of th e  galaxy are  s ym m e triz e d to produce  
th e s e  plots .

MASS MODELING

FIG. 1.  NGC 4061 is  a Narrow -Angle  Taile d radio galaxy
re s iding in a poor clus te r of galaxie s .  It is  locate d
ne ar th e  X-ray ce ntroid of th e  clus te r.

FIG. 4. Sam ple  s pe ctra from  
STIS (Space  Te le s cope  
Im aging Spe ctrograph ) tak e n 
us ing th e  G430L s e tup.  

TOP: NGC 4061. Extracte d 
from  th e  ce ntral 0.75 
arcs e conds  (15 row s ) of th e  
com bine d STIS data.  Th is  is  
a core  galaxy w ith  a low  
ce ntral s urface  brigh tne s s , 
but th e  low  s pe ctral 
re s olution (2.75 A/pix) 
im prove s  th e  S/N.

BOTTOM. H D141680.  A G8 III 
s tar us e d as  a te m plate  for 
de te rm ine  th e  broade ning 
function, and th us  s te llar 
k ine m atics , in NGC 4061. 
 Both  non-param e tric and 
param e tric fits  (e .g., Gaus s -
H e rm ite  polynom ials ) are  
us e d to find th e  be s t line -of-
s igh t ve locity dis tributions  
(LOSVD) at e ach  pos ition 
along th e  s lit. 
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FIG. 5. ModSpe c s pe ctra of H a+ NII e m is s ion.  Th e  untouch e d, re duce d data is  
s h ow n in pane l (A), w h ile  pane ls  (B),(C), and (D) offe r th re e  w ays  to s h ow  th e  
e m is s ion above  th e  continuum .
Th e s e  s im ple  line s  are  th e  m ain focus  of gas  k ine m atics  analys is  -- w e  do not 
h ave  any h igh e r re s olution H a s pe ctra.
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FIG. 6. ModSpe c infrare d CaII data. Th e  calcium  triple t (849 8, 8542, and 8662 
A)are  th e  abs orption line s  m os t s uitable  for s te llar k ine m atics .  Th e  ground-
bas e d s pe ctra provide  be tte r s patial cove rage  th an STIS.

FIG. 2   W FPC2 im aging th rough  th e  F555W  and F814W  (V,R) filte rs  re ve al an 
organize d dus t dis k .  Th is  is  typical for radio galaxie s  (Ve rdoe s  Kle ijn e t al.  2002). 
 LEFT: Ellips e  fits  to th e  dis k  (us ing F555W ) to find its  inclination.  RIGH T:  Ove rlay 
of s lits  from  STIS (m age nta) and ModSpe c (blue ) obs e rvations .  Th e  STIS s pe ctral 
range  include d Ca H & K (39 33, 39 69 A).  ModSpe c (on th e  2.4-m  at MDM Obs e rvatory) 
w as  us e d for both  th e  ne ar-IR CaII abs orption line s  (849 8 - 8662 A), and th e  H a+ NII 
e m is s ion line s .
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FIG. 7.  Sam ple  output from  our line -fitting program .
Th is  us e s  dire ct fitting (Barth  e t al. 2002) as  oppos e d to FCQ or MPL to 
de te rm ine  5 param e te rs  de s cribing th e  line s  pos ition and s h ape .  Th e s e  
"los vds " contain k ine m atic inform ation.  Both  plots  s h ow  be s t-fit param e te rs  
(blue , righ t), ch i2 (blue  le ft), nam e s  of th e  input galaxy and te m plate  s tar 
s pe ctra (w h ite  top, bottom ), bin id (w h ite , righ t), th e  galaxy s pe ctrum  (w h ite , 3 
pos itions ), te m plate  s pe ctrum  (blue ), be s t fit broade ne d te m plate  (re d), fits  
us ing a dis pe rs ion 2x (gre e n, top) and 1/2x (gre e n, bottom ) th e  be s t fit value , 
and th e  re s idual of th e  be s t fit (te al, bottom )
ABOVE. Applie d to ModSpe c CaT (abs orption) data.  H e re  w e  can addre s s  th e  
q ue s tion "H ow  did W h ite  e t al. (19 83) m e as ure  a ve locity dis pe rs ion of 477 
k m /s  for NGC 4061?"  Mos t of our be s t e s tim ate s  are  in th e  250-300 k m /s  
range .  H ow e ve r, w e  can m axim iz e  dis pe rs ion by binning data from  both  
s ide s  of th e  galaxy ce nte r and by us ing a large  line s tre ngth  (LS) param e te r. 
 Th is  plot s h ow s  s igm a=375 k m /s .  W e  could not re ach  477 k m /s .  Th e  
im plication is  th at th e  s ph e re  of influe nce  of th e  BH  is  not re s olve d, m ak ing 
BH  m as s  difficult to de te rm ine . 
BELOW . Applie d to ModSpe c H alph a (e m is s ion) data.  Th is  plot w as  ch os e n 
to s h ow  h ow  large  H 3 and H 4 param e te rs  can cre ate  double -pe ak e d los vd's . 
 Th e s e  can provide  be tte r fits  for com ple x line s , but a ph ys ical inte rpre tation 
is  difficult. Our program  allow s  abs orption s ubtraction prior to e m is s ion line  

FIG. 8. (BELOW ) Kine m atics  of s tars  (circle s ) and gas  (X's ) from  ground-
bas e d s pe ctros copy.  Th e  e nd points  h ave  large  unce rtaintie s  due  to low  S/N. 
Th e  dis pe rs ion profile s  are  e s pe cially s e ns itive  to th e  num be r of param e te rs  

FIG. 10. Mode ling th e  ligh t dis tribution on a 2D s pe ctrum .  Th e  re al, 
ModSpe c data is  in th e  ce nte r, flank e d by m ode ls .  Th e  m ode l param e te rs  
(s e e  table  be low ) are  ide ntical e xce pt for th e  BH  m as s .  Th e re  are  
actually tw o prom ine nt e m is s ion line s  (s e e  FIG. 6), but w e  jus t s h ow  th e  
bottom  (H  alph a) line .   Th e  ve rtical s e paration be tw e e n th e  brigh t s pots  
is  a good m e as ure  of th e  BH  m as s . 
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