Er'lc Emmanuel Martinez Garcia (CIDA

Gustavo Bruzual (CIDA, Venezuela) | s
Gilberto C. Gomez (CRyA, UNAM) R |
James R. 6raham (UC Berkeley)

e e S

Dynamics and Evolution of Disc Galaxies, 31 May 2010



Spiral density waves

-Linblad, Lin & Shu, Roberts, Toomre, Kalnajs,
Bertin, Contopoulos, among others.

» The spiral pattern is caused by density waves,
i.e., by quasi-stationary and alternate
condensations and rarefactions of stars and gas.



Observed pile-ups
of molecular gas and
dust in the concave
regions of arms

Stars and gas go in

Stars age as
they leave
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Spiral pattern:
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* Talbot et al. 1979: regions with and without
star formation in M83, no smooth gradient .



M31 (Robert Gendler)
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various arms ar'ound 1'he Sun S ?

v § ,:* de ot
. Beckman & Cepa (1990) ahd Hodge et al.
(1990): displacements the size of the “seeing”
between blue and red populations.
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*Block Bertin e’r al
(1994) suggest that ’rhe .
dynamics of the old disk
(the bulk of the mass)
and star formation
processes are

Ks Band



Elmegreen & Elmegreen (1986), Elmegreen (1993) :

*Global star formation rate (per unit gas mass) is not
affected by disk dynamics or the presence of arms
(Dopita & Ryder 1994; Ryder & Dopita 1994).

-Density waves do not trigger star formation; they only
organize and concentrate ISM and gas in the arms

‘Density waves do not dominate star formation
processes in disk galaxies (instead SNe, stellar winds,
expanding HIT regions, ISM turbulence, cloud-to-cloud
interactions...) .
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- Seigar & James (2002), Ha and K-band observations:

local SFR increases close to spiral arms.
» Schinnerer (2004 NRAOQO), observations of CO radio
emission from arms in M51: gas close to the shock is
warmer and more turbulent.
+ Suggest star formation is triggered there.

'-:]"" , 9 HST & Schinnerer


http://www.nrao.edu/pr/2004/m51co/m51.sidebyside.jpg

Coupled or

Color gradients, the crucial link ( decoupled?

%,

Images Block & Wainscoat 1991.




Gonzalez & Graham (1996), first detection of a trustworthy
extragalactic gradient in M99 ~ 50” (4 kpc)

v Avoided HIT regions

v'Photometric, redefined, Q index; reddening-free and
tracer of star formation.
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Images were
deprojected, with
parameters from
literature

Spiral arms were
unwound (Iye et al.
1982) and

straightened

B Collapsed in log R to

improve S/N ratio




GONZALEZ & GRAHAM

data
model, 2% young stars
model, 1% young stars
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Charlot & Bruzual 2007 models,
IMF MW =10 M‘ﬁ .

1.6x108







Fre1 et al. 1996
Ha: Banfi et al. 1993







*Early era of Iinear'hory 3

(Lin 1970): corotation.
*Mark 1976 Toomre

| orbu‘rs (Con’ropoulos &

Grosbol 1986; Patsis et al.
1991).

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

/4).

"Weak" spirals (Sa) at
corotation




Name lype
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 B8
NGC 578 SAB(rs)c U

All non-barred galaxies... |}
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»Burst duration 2x107 yr

>IMF M. =10 and 100 M,

»2% of young stars, by mass
» Solar metallicity

» Dynamical model: implicit circular orbits (no orbits were
calculated)

I'->(a from RC3; V+ from Paturel et al. 2003)



......

in M99 with ¢

g

1-

e
r.!-.\f
-

in 10

qgae

=
i
£

-

Gradients
Second grqdié;\,_



® Corotation
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~ +Inverse correlation between successful detection of
color gradients and presence of massive stars

-Contamination by Ho emission from massive stars could

* be the main reason for the dearth of detected color
' gradientes up unftil now!

o R | NGC 4254

rotation

N R - M99, Ha; Koopmann et al.(2001)
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*Color gradients in ~ 75% of our sample of A and AB
spirals. The number of detections has been multiplied
(conservatively) by a factor of 4. M99 is not an oddity.

*Non-circular motions do not prevent detection of
gradients. Their imprint (systematic bias of Q,

measurement with R) further strengthens link between
' disk dynamics and star formation.



*Spiral patterns end mostly at the OLR, sometimes at CR,
never at the 4/1 resonance. This result is similar to
findings by Elmegreen, Elmegreen & Montenegro (1992),
Zhang & Buta (2007), and does not support the hypothesis
by Contopoulos & Grosbol (1986) about "strong” spirals.

Disk dynamics and star formation ARE coupled.
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