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coa’r (1991) | ?g?.f.?’“'

- Block, Bertin et al.
(1994) suggest that the
dynamics of the old disk
(Pop II, the bulk of the
mass) and star formation
processes (Pop I) are
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\es (2002), Hx and K- band obser'va'l'lons.
lgﬁ‘ﬁeases close to splral arms.
(20 4 ) 'AO) obser'\t/atlons‘@f CQ r'adio -
rms ir mm gh; ct&g
e turk _ _ ; ~. TP

N
¥

r‘ E
4% g

‘f“‘
N d '
BR\®







B '(_essén'r

P
4..‘.. o -
-
I
ALY
»

2)’

is large
{ : 5

if Q

[ J
ll

~




Coupled or
decoupled?

Images Block & Wainscoat 1991.




éonzalez & Graham (1996), first detection of a trustworthy
rpx‘tmgnlachc gradnent in M99 50" (4 kpc)
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model, 2% young stars
model, 1% young stars
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Charlot & Bruzual 2007 models,
IMF M =10 Mg,

1.5x108 upper







L. Gradient where almost no Ha emission
oM == OEM

Frei et al. 1996
Ha: Banfi et al. 1993
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Name Type
NGC 4939 SA(s)bc
NGC 3938 SA(s)c
NGC 4254 SA(s)c
NGC 7126 SA(rs)c
NGC 1417 SAB(rs)b
NGC 7753 SAB(rs)bc
NGC 6951 SAB(rs)bc
NGC 5371 SAB(rs)bc
NGC 3162 SAB(rs)bc
NGC 1421 SAB(rs)bc
NGC 7125 SAB(rs)c
NGC 918  SAB(rs)c
NGC 578

SAB(rs)c |
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ra Iis ' '
orbits (Contopoulos & |
Grosbol 1986; Patsis et al. |

1991).

“Strong” spirals (Sb & Sc)
at 4/1 resonance (Q - Q, =
/4).

"Weak" spirals (Sa) at
corotation.

*Early era of linear The
(Lin 1970): corotation.

‘Mark 1976; Toomre
(1981); Lin & Lau (1979);
Donner & Thomasson
(1994); Zhang (1996):
Outer Lindblad Resonance
(OLR, Q - Q, = -k/2).

2=2Q/R x d(R°Q)/dR; x = QJ2 for
flat rotation curve.




® Corotation
A 4/1 resonance

NGC object
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Potential minimum
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rotation \L

Spiral arms density maximum
___-_ Primary gas arms dens. max.
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inv. grads.
NGC 578
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J—édrh Mass map
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Mass map

NGC 1421

J-band Mass map

NGC 3001

13 out of 19 spirals

(non- or weakly barred)




- Non-circular streaming
motions after shock
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| motions?
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~ Barred galaxies

‘E ,,"x g - - i Martinez-Garcia & Gonzdlez-Lopezlira 2011, ApJ, 734, 122
'i R e |
¢ Name Type
| NGC 718 SAB(s)a
| NGC 864 SAB(rs)c
NGC 4314 SB(rs)a
NGC 266 SB(rs)ab
NGC 986 SB(rs)ab
NGC 7496 SB(s)b
= NGC 5383 SB(rs)b
NGC 4593 RSB(rs)b
NGC 3059 SB(rs)bc
NGC 7479 SB(s)c
NGC 3513 SB(rs)c

¢
¢
e




A Bar region
® Spiral region

Rmean / (12 Rbar)




A ‘“‘Inverse’ color gradient
e Aging in rotation direction

Rmean / (12 Rbar)
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{,4..5?/ 6 early type galaxies

® Coupled bar and spiral
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Conclusions I

Color gradients in ~ 75% of our sample of non-barred and
weakly barred spirals, and in 100% of barred galaxies. The
number of galaxies with detected gradientes has
increased (conservatively) by a factor of 7. M99 is not an
oddity.

~ *Contrary to common wisdom, gradients are detected away

. L BN "

" R . g
e 0

from patchy emission of hot young stars and ionized gas.

*Non-circular motions do not prevent detection of
gradients, but can mimic absence of pattern speed. Also
paradoxically, the systematic bias of ©, measurement
with R further strengthens link between disk dynamics
and star formation.
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