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1. I n t r o d u c t i o n 

B a r s in galaxies a re f requent ly found t o b e off-centered, so t h a t t h e cen te r 

of t h e b a r does no t coincide w i t h t h e cen te r of r o t a t i o n , w i th a difference 

wh ich typ ica l ly a m o u n t s t o several t ens of pa r secs . Th i s is clearly seen in 

t h e d i s t r i b u t i o n of t h e gas a n d t h e r o t a t i o n curves a t t h e cen te r of t h e 

Milky Way, a n d in n e a r b y b a r r e d galaxies (Bl i tz , t hese p roceed ings , a n d 

del B u r g o et a l . , t hese p roceed ings ) . 

W e p r o p o s e here a new d y n a m i c a l m e c h a n i s m t o accoun t for t h e b a r off-

cen t e r ing . I t is based on t h e presence of an m = 1 dens i ty wave , whose first 

m a n i f e s t a t i o n will be t h e off-centering of t h e cen t ra l region of t h e ga laxy 

(see also Miller a n d S m i t h , 1992, C o m b e s , these p roceed ings , a n d J u n q u e i r a 

a n d C o m b e s , 1996). T h e m e c h a n i s m we p ropose is a non- l inear exc i t a t ion 

of t h e m = 1 p e r t u r b a t i o n by t h e s t r o n g m = 2 d u e t o t h e l inear ly u n s t a b l e 

b a r a n d m = 3 m o d e . 

2 . N o n - l i n e a r c o u p l i n g 

If t w o spi ra l waves coexist in a disk, we expec t t h e m t o exci te b e a t waves 

a t t h e s u m a n d difference frequencies a n d w a v e n u m b e r s : t h u s in p a r t i c u l a r 

an m = 2 a n d a n m = 3 sp i ra ls , w i th frequencies ω2 a n d c rea t e a b e a t 

wave w i th m = 1 a n d ω\ = u>s — ω2. If a t th i s f requency a n d w a v e n u m -

ber t h e b e a t wave obeys t h e d ispers ion re la t ion , i.e. can p r o p a g a t e in t h e 

d isk , i t can very efficiently exchange energy a n d a n g u l a r m o m e n t u m w i t h 

t h e p a r e n t waves . W e have a l r eady found (see Masse t a n d Tagge r , 1997a, 

a n d references t h e r e i n ) , f rom ana ly t i ca l a n d numer i ca l work , a n u m b e r of 

e x a m p l e s w h e r e th i s non- l inear coupl ing can play an i m p o r t a n t role in t h e 
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evo lu t ion of spira ls a n d w a r p s . T h u s we expec t t h a t , in disks whe re t h e 

m = 2 a n d m = 3 spira ls a re l inear ly u n s t a b l e by t h e classical Swing mech-

a n i s m , t h e y can exc i te an m = 1 wave which could exp la in t h e off-centering 

of t h e cen t r a l region of t h e disk. In o rder t o check t h i s , we have pe r fo rmed 

n u m e r i c a l s imu la t ions w i th a po la r Pa r t i c l e -Mesh code , whose smal l gr id 

size in t h e cen t r a l region allows precise physics a n d d iagnos t ics . 

3 . R e s u l t s 

W e show above t h e a m p l i t u d e s p e c t r a (Masse t a n d Tagger , 1997b) of t h e 

m = 1, m = 2 a n d m = 3 re la t ive p e r t u r b e d densi t ies for a typ ica l s im-

u l a t i o n . W e see t h e s i g n a t u r e of t h e b a r on t h e m = 2 p lo t , a t t h e fre-

q u e n c y U2 = 30 k m / s / k p c ; on t h e m = 3 we see a well defined m o d e a t 

u>3 = 80 k m / s / k p c , a n d on t h e m = 1 p lot t h e e x p e c t e d b e a t wave a t 

ω\ = 80 - 30 = 50 k m / s / k p c . Th i s wave cor responds t o a 60 pc dev ia t ion 

of t h e cen te r of g rav i ty of t h e inner regions . In o rder t o specify t h e energy 

t rans fe r b e t w e e n waves we have redone t h e s imula t ion by se t t i ng t o zero a t 

each t i m e s t e p t h e m = 1 p o t e n t i a l c o m p o n e n t , and hence inh ib i t i ng possi-

ble m = 1 l inear m o d e s . W e still see t h e m = 3 m o d e , which proves t h a t it 

is n o t exc i t ed b y t h e non- l inear coupl ing . W h e n we redo t h e s imu la t ion by 

s e t t i n g t o zero t h e m = 3 p o t e n t i a l c o m p o n e n t , we do no t see t h e m = 1: 

t h i s shows t h a t i t needs t h e o t h e r m o d e s t o be exc i ted , a n d hence t h a t it 

is non- l inear ly exc i ted by t h e l inear ly u n s t a b l e b a r a n d m = 3 m o d e s . 

As a conclus ion , th i s m e c h a n i s m n a t u r a l l y leads t o an m — 1 p e r t u r b a -

t ion (i .e. a n off-centering) whose a m p l i t u d e is sufficient t o expla in t h e a s y m -

me t r i e s typ ica l ly obse rved . W o r k is in progress t o inc lude se l f -gravi ta t ing 

gas a n d a l ive bu lge in t h e s imu la t ions , for a m o r e de ta i led desc r ip t ion . 
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