
T H E " D O U B L E N U C L E U S " O F M 3 1 I N J , H , A N D Κ 

P. HINZ Κ. HEGE, D. MCCARTHY, M. LLOYD-HART, AND F . MELIA 

Steward Observatory, University of Arizona 

H u b b l e Space Telescope images of t h e nuc leus of M 3 1 show a doub le -

p e a k e d s t r u c t u r e w i t h t h e p r i m a r y peak be ing offset f rom t h e cen te r by 

a p p r o x i m a t e l y 0 . 5 " . W e obse rved t h e cen t r a l 13" of M 3 1 in t h e J , H , a n d 

K s p a s s b a n d s t o d e t e r m i n e t h e nuc lea r s t r u c t u r e in t h e near - inf ra red . O b -

se rva t ions were t a k e n a t t h e M M T Obse rva to ry , us ing a low-order a d a p t i v e 

op t i c s s y s t e m , F A S T T R A C II ( G r a y e t . al . 1995). T h e diffraction l imi t 

for t h e s y s t e m is 0 .25" in Κ b a n d . P S F images showed cor rec t ion t o 0 .5" 

F W H M . U n c o r r e c t e d images showed t h e seeing to be a b o u t 1". T h e im-

ages were deconvolved us ing several m e t h o d s t o check for cons is tency. W e 

used I t e r a t i ve -B l ind Deconvo lu t ion , R icha rdson-Lucy , a n d W i e n e r filter al-

g o r i t h m s , g e t t i n g s imi lar resu l t s for each . M e a s u r e m e n t s suggest t h e P S F 

in t h e deconvolved images is a p p r o x i m a t e l y 0 .35" F W H M . 

T h e inf rared images resolve t h e t w o peaks a n d a p p e a r s imilar t o t h e 

visible d a t a t a k e n b y H S T . B o t h t h e b r igh t peak ( P I ) a n d t h e d i m p e a k 

( P 2 ) a p p e a r marg ina l l y resolved. P I shows an e longa t ion in t h e E a s t - W e s t 

d i rec t ion ( P . A . = 8 0 ° ) while P 2 is e longa ted a t a pos i t ion angle of a p p r o x -

i m a t e l y 60° . T a b l e 1 s u m m a r i z e s an analys is of our J , H, a n d K s M 3 1 

i m a g e s , t o g e t h e r w i t h t h e H S T W F P C 2 archived d a t a in t h e F 5 5 5 W (V 

b a n d ) a n d F 8 1 4 W (I b a n d ) filters. B o t h t h e visible a n d infrared images 

were mode l l ed w i th six p a r a m e t e r el l ipt ical Gauss i an surface profiles: am-

p l i t u d e , m a j o r a n d mino r axes , pos i t ion angle , and {x,y} coo rd ina t e s of 

p h o t o c e n t e r . W e d e t e r m i n e d t h e bu lge p a r a m e t e r s by us ing d a t a in annu l i 

f rom 1" t o 6" d i a m e t e r . T h e analys is of P I a n d P 2 was m a d e on images 

following t h e s u b t r a c t i o n of t h e unde r ly ing bulge . T h e cen t ro id of P I is t h e 

{ 0 , 0 } reference for t h e pos i t ion vec tors {ρ, φ} a n d e is t h e eccent r ic i ty of 

t h e e l l ip t ical c o n t o u r s , w i th pos i t ion angle 0, of t h e Gauss i an profiles fit t o 

t h e c o r r e s p o n d i n g s t r u c t u r e s P I , P 2 a n d Bulge . 

T a b l e 1 shows t h a t t h e s t r u c t u r e of t h e visible a n d N I R images a re very 

s imi la r , a l t h o u g h t h e r e is an a n o m a l o u s increase in s e p a r a t i o n of t h e p e a k s 
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I Η Average | 

PI σ 0".41 0.40 0.49 0.41 0.40 0".42 ± .04 

e 0.19 0.19 0.22 0.20 0.18 0.20 ± .02 
θ 8 1 ° 81 72 79 80 79° ± 4 ° 

P2 σ 0".40 0.38 0.40 0.38 0.37 0".39 ± .01 
e 0.22 0.18 0.14 0.14 0.33 0.19 ± .09 
e 6 9 ° 65 67 47 51 60° ± 10° 

Ρ 0".778 0.779 0.827 0.783 0.793 0".792 ± .02 

Φ 239° 235 232 239 240 239° ± 3 ° 

Bulge σ 1".44 1.47 1.47 1.35 1.39 1".42 ± .05 
e 0.26 0.31 0.31 0.35 0.34 0.31 ± .04 
θ 5 9 ° 59 59 58 59 59° ± 1° 

Ρ 0".509 0.484 0.365 0.487 0.496 0".468 ± .06 

Φ 233° 232 238 233 235 234° ± 2 ° 

for t h e J b a n d . I t should be no t ed t h a t t h e d i s t ance a n d pos i t ion angle of 

t h e l ine connec t ing P I a n d P 2 are significantly different from t h e pub l i shed 

va lues of L a u e r et a l . (1993) T h e y find a sepa ra t ion be tween t h e p e a k s of 

0 .5" a n d P . A = 2 2 3 whi le our fit finds a s epa ra t i on of 0.79" a n d P . A . = 2 3 9 . 

However L a u e r et a l . were m e a s u r i n g t h e cen t ro ids of t h e peak whi le we a re 

f i t t ing a G a u s s i a n m o d e l t o each of t h e s t r u c t u r e s . T h e peaks have i r r egu la r 

s t r u c t u r e wh ich c rea tes t h e d iscrepancy, b u t t h e mode l f i t t ing shows t h a t 

t h e r e is l i t t l e significant difference in morpho logy of t h e peaks be tween t h e 

visible a n d N I R , d o w n t o t h e l imi t ing scale of t h e N I R images . 

T h e color of P I a n d P 2 is red wi th respect t o t h e s u r r o u n d i n g bu lge w i t h 

a V-K color excess of a p p r o x i m a t e l y 0.3 m a g n i t u d e s . P I itself is 0.1-0.2 m a g -

n i t u d e s r e d d e r t h a n P 2 . W e n o t e t h e exis tence of an a p p a r e n t l y grey a r e a 

of a b s o r p t i o n j u s t be low t h e l ine connec t ing P I a n d P 2 a n d a p p r o x i m a t e l y 

d u e eas t of P 2 . T h i s "da rk b l o b " is close t o P 2 a n d our m e a s u r e m e n t of 

t h e c e n t e r of t h e bu lge ac tua l ly lies in th i s da rk spo t . I t s ex is tence is con-

s i s t en t in b o t h v isua l a n d N I R i m a g e s . If d u s t , t h e gra ins m u s t b e very 

l a rge c o m p a r e d t o typ ica l ISM t o show so l i t t le color g r a d i e n t . T h e region 

seems c o m p a c t a n d no t pa r t i cu l a r ly assoc ia ted wi th t h e s t r u c t u r e of t h e 

s u r r o u n d i n g a r ea . L a u e r e t a l . m e n t i o n t h e t roub le in mode l l ing t h e nuc l ea r 

region as t h e compos i t i on of t w o c o m p o n e n t s co r re spond ing t o P I a n d P 2 . 

T h e region b e t w e e n t h e p e a k s could no t be fit by the i r m o d e l a n d ac tua l ly 

seemed t o b e an a r e a of "miss ing l igh t . " Th i s would a p p e a r t o be cons i s ten t 

w i t h t h e a b s o r p t i o n s t r u c t u r e we see nea r t h e P 1 - P 2 axis . 
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