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Spiral Structure Boosts Star Formation in Disk Galaxies
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ABSTRACT

We investigate the impact of spiral structure on global star formation using a sample of 2226 nearby bright
disk galaxies. Examining the relationship between spiral arms, star formation rate (SFR), and stellar mass, we
find that arm strength correlates well with the variation of SFR as a function of stellar mass. Arms are stronger
above the star-forming galaxy main sequence (MS) and weaker below it: arm strength increases with higher
log (SFR/SFRys). where SFRy;5 is the SFR along the MS. Likewise, stronger arms are associated with higher
specific SFR. We confirm this trend using the optical colors of a larger sample of 4378 disk galaxies, whose
position on the blue cloud also depends systematically on spiral arm strength. This link is independent of other
galaxy structural parameters. For the subset of galaxies with cold gas measurements, arm strength positively
correlates with H1 and Hs mass fraction, even after removing the mutual dependence on log (SFR/SFRus).
consistent with the notion that spiral arms are maintained by dynamical cooling provided by gas damping.
For a given gas fraction, stronger arms lead to higher log (SFR/SFRys). resulting in a trend of increasing
arm strength with shorter gas depletion time. We suggest a physical picture in which the dissipation process
provided by gas damping maintains spiral structure, which, in turn, boosts the star formation efficiency of the
oas reservoir.



Ba)xHag 3aBUCUMOCTb: SFR -M*

* OT Yyero 3aBUCUT pacCcTodAHME
[[@anakTukym ot MS?

N3BecTHO, 4TO OT Mgas/M*
(Saintonge, 2012,2016) n ot SFE
(Wang et al.,2020).

Bonpoc - Kak noJsioXxeHne ranakTtut
BOOJIb MS n nepneHanKynapHo MS
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Figure 4. Projection of the 3D surface shown in Figure 1 over the SFR—-M:=
plane. Level contours for the number density of galaxies are shown, with colors
ranging from blue to red as a function of number density. The WV,
correction was applied for this plot.



Ncnonb3yeTca KaTaJsior Spiral arms

strength
by Yu, Ho, 2020

The Statistical Properties of Spiral Arms in Nearby Disk Galaxies

* Yu, Si-Yue, ; Ho, Luis C.
» Abstract

* We analyze 4378 nearby bright disk (SO and spiral) galaxies selected from the Sloan
Digital Sky Survey to characterize their spiral structure and systematically investigate
the relationships between spiral arm properties (strength, pitch angle, and number)
and the global properties of the host galaxies. This is to date the largest sample of
galaxies with comprehensive measurements of spiral properties based on Fourier
decomposition. We find that spiral pitch angle decreases (arms become more tightly
wound) toward galaxies of earlier Hubble type, higher stellar mass, redder color, and
greater degree of central concentration. The dependence of pitch angle on stellar
mass is mainly driven by color, and for a given concentration, spiral arms are more
tightly wound in redder galaxies. Spiral pitch angles show a bimodal distribution,
peakingat /= 12° * 3.4 and 23° £ 4.3. Spiral arms weaken in galaxies of earlier

type, redder color, and higher concentration
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* We utilize estimates of SFR and stellar mass (M*) based

on ultraviolet, optical, and mid-infrared photometry from

* the XGASS catalog (Extended GALEX Arecibo SDSS survey;

e Catinella et al. 2018) for galaxies contained therein, and from
the catalog of Salim et al. (2018) for the rest. This results

in 2226 (1751 spiral and 475 lenticular) galaxies, the
main sample studied in this work.

e The sample covers a wide range of M* ( 10°8.8 -10°11.4M)
and SFR (0.001 - 10 Ms/yr).


https://iopscience.iop.org/journal/0004-637X
https://iopscience.iop.org/article/10.3847/1538-4357/abac5b/pdf
https://iopscience.iop.org/article/10.3847/1538-4357/abac5b/pdf
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* They define the arm amplitude (sarm)
as the average Fourier amplitude
(quadratic sumofm = 2, 3, and 4
modes) relative to an axisymmetric
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disk (m = 0 mode) over a radial 170-60
range that starts at the end of the

bulge or bar and ends at R90, the 17066 £
radius that encloses 90% of the total o
flux and encompasses the majority of {7072~
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Figure 2. The influence of spiral arms on star formation in disk galaxies. Panel (a) illustrates the spiral arm strength (log Sarm) as a functi
of SFR and M, for 2226 face-on disk galaxies with available SFRs based on multi-band photometry. The solid curve marks the MS (Sainton
et al ’7‘01 6), with the dashed curves indicating 0.4 dex above and below it. Pane] (b) gives the spiral arm strength as a functlon of rest-fran
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3aBUCNMOCTb MeXAay CUJION
CNpaJibHbIX BETBEU U
OTKJIOHeHnem o™ MS SER
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BnnsaHune Ha SFR Hann4yna 6apa,
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Figure 5. The relationship between atomic (M, /M) and molecular (M, /M., ) gas fraction, distance from the MS [log (SFR/SFRuus)],
and spiral arm strength (log Sarm). Panels (a) and (b) show the variation of log (SFR/SFRms) with My, /M, and Mu, /M,. The blue
crosses and red points denote the galaxies with log (M. /Mg) < 10 and log (M, /M) > 10. Panels (c) and (d) present the dependence of
spiral arm strength (10g Sarm) on My /M, and My, /M.,; the correlation coefficient pcor is given. Solid curves mark the mean value, while
shaded regions mark the error of the mean value. The bars indicate typical measurement uncertainties.



* MHTepnpeTauna - B pycjie UMelLnxcs
npencrtaBieHUN:

e [@3 «geMnupyeT» CnnpasabHYO CTPYKTYPY. CUNbHbIE
cnmnpann ocnabngarTcsd, HO A0JITO COXpPaHATCA. Hu3Koe
coaep>XaHue rasza nNpuMBOAUT K TOMY, YTO CriMpasibHble
BOJIHbI MJIOTHOCTU (KakK U TPaH3NEeHTHblIe BETBWU)
bbiCTpee HarpeBalwT ANCK, @ CaMM CrnnpaJin CTaHOBATCS
cnabbiMu, n 3aTyXaloT.
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Figure 6. The connection between spiral arms and global star formation efficiency. Panels (a) and (b) examine the influence of spiral arm
strength (log sarm) on the relation between the distance to the MS [log (SFR/SFRus)] and the atomic gas mass fraction (Mg, /M, ) and
molecular gas mass fraction (My, /M,). The color associated with each data point encodes the average arm strength of surrounding galaxies



CaMble rnaBHble BbIBOAbI

e C pOCTOM CWUJIbl CNPaIbHbIX BETBEW CBA3AHO KaK YCUJIEHHOE
3Be3a006pa3oBaHMe Mo OTHOLWEHNIO K MS (He3aBUCMMO OT APYrux
XapaKTePUCTUK rasakTuUK, Hanp., 6apa), Tak u B6osiee BbICOKUN
yaoenbHbln TeMN 3Be300006pa3oBaHns (sSFR).

 Cuna cnupasbHbIX BETBEN KOppenmpyeT C OTHOCUTESIbHbIM
cogep>xaHvem rasa (He3aBUCMO OT MNOJIOXKEHUSA FranakTuK
OTHOCUTeNbHO MS)

* T.006p., Ha SF o gHOBPEMEHHO BANAIOT ABa pakKTopa: OTHOCUTESIbHOE
KOJINYeCTBO rasa, U cuia cnupasbHbIX BETBEW.

« The correlations suggest that spiral arms enhance star
formation efficiency, and that the relationship between spiral
arms and star formation is driven only in part by gas fraction.
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