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2 Abstract ) / Results \ / \

Spiral structureis the most distinctive feature of disk galaxiesand yet
debatepersistsaboutwhich theory of spiral structureis the correctone The
best known theory holds density waves propagatingthrough the disk of the
galaxy asthe responsibleagent,eithervia a standingwave pattern,or a more
transientsuccessiomf wavescrossingthe disk. Othertheoriesposecompletely
differentagents suchasthe manifold theory,which arguesthat the spiralarms
arisebecaus®f starsmovingin chaoticorbits The standing(or modal)density
wave theory demandsthat the pitch angle be uniguely determinedby the
distribution of massin the bulge and disk of the galaxy We presentevidence
that the tangentof the pitch angleof logarithmic spiral armsin disk galaxies
correlatestronglywith thedensityin neutralatomichydrogenn thedisk of the
galaxy and with the central stellar bulge massof the galaxy Thesethree
guantities,when plotted againsteachother, form a planarrelationshipwhich,
we argue shouldbe fundamentato our understandin@f spiral structuren disk
galaxies We furtherarguethatany successfutheoryof spiral structuremustbe
ableto explainthis relationship Thelow scattenn therelationshipf replicated
In largersamplesmay suggesthatthe standingwavepictureis the correctone,
atleastfor mostdisk galaxies

\ /
a Introduction N\

Spiral structureis a commonplaceand visually obvious feature of many
galaxiewhichwereat onetime referredto as 3V S LUHDEX @nidydtthereis
still debateasto the correcttheorywhich explainsits origin. The densitywave
theoryhasbeenstudiedfor severaldecadesiow andstill hasmanysup porters,
divided broadlyinto two camps thosewho contendthat the spiral patternis a
long-lasting one createdby standingwaves(the modaltheory)and otherswho
regardthe patternas transient(comparedio the lifetime of a galaxy), though
perpetually recreatedas new density wave patterns emerge (the swing
amplification theory) Other theorieshave also been proposed,with one in
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Theresidualstandarcerroris equalto 0.114 (41.3 % pergalaxy)andanadjusted
R2 =0.228 Thisfit is plottedasasolid redline above

The formula describingthe fundamentalplane for spiral galaxiesfrom the
Includeddatasampleof 24 galaxiess ( translucenplanein Figure?2).

The residualstandarderror is equalto 0.797 Mg, ,,pc? (16.5 % per galaxy on
averagecomparethis to the fundamentaplanefor elliptical galaxieswhich has
aresidualscatterof 80 % pergalaxyon average)with anadjustedRr? = 0.603
andap-valueequalto 2.36 1T 10°. It is interestingto notethatthe additionof the
extradimensioncutstheresidualscatterapproximatelyin half. The Monte Carlo
samplingresultsof thefit are(bluetranslucenplanein Figure?2):

The residual standarderror is equalto 1.03 Mg ,pc? (225 % per galaxy on
average)with an adjustedR? = 0.423 The panesof Figure 2 provide different
viewpointsof the samethreedimensionalfigure with galaxiesdepictedasred
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of a small densecore with negligible massin the disk Studiesbasedon the
modal density wave theory suggestthat the pitch angle of the spiral armsin

galaxiesshouldstill dependon aratio (of half-massradiusto co-rotationradius)
which, in limit of a thin disk and massivecentralbulge, approximatego the
Shu (1979 result(Equation(1)). This is not surprising,sincewe would expect
a standingwavepatternto dependon theratio of arestoringforce or tension(in

this casethe centralmass,or at leastthe massinside a given radiusR) to the
densityof the medium(in this casethe densityof gasin the disk at radiusR).

Althoughthe precisenatureof therelationbetweerthesethreeqguantitiescanbe
expectedo vary betweengalaxiesof different types (bulgedominatedversus
disk-dominated for instance)neverthelessve showin this letter that the three
guantities spiralarmpitch angle,centraloulgemassandgasdensityin thedisk
do stronglycorrelateto form a fundamentaplanewhich may play a similar role
In tying together gross features of disk galaxies to that played by the
fundamentaplaneof elliptical galaxies(Djorgovski & Davis 1987 Dressleret
al. 1987).

We studieda sampleof disk galaxiesfrom the Disk Mass Survey (DMS)
which was ideal for our purposessinceit dealt with the disk densitiesof a
sampleof face-on galaxies The DMS hadalreadymeasuredhe gasdensityof
atomichydrogenin thesegalaxies,aswell asthe centralbulgemass Using our
establishedechnigug(Davis et al. 2012 we measuredhe pitch anglefor these
galaxiesfor this paper We find that the sampleof 24 galaxiesfrom the DMS,
whenplotted in a volume definedby thesethree guantities,delineatea plane
which they stay closeto with very low scatter Thereis only a 0.002%6 chance

Qatthis planecould havebeenformedby statisticalaccident /

Fig. 2C

We find a best fit for Equation (1) from the included data sample of 24
galaxies (see Table 1) with a linear fit of

The residualstandarderror (intrinsic dispersionor scatter)is equalto 0.0945
(317 % per galaxy on average)with an adjustedR? = 0.321, and a p-value
equal to 0.00232 A plot of this linear bestfit is depictedalong with the
Includeddatasampleandcanbe seenin the aboveFigure 1l with thefit plotted
as a dashedblue line. Alternatively, when taking into accountthe individual
errorson measurementwith a Monte Carlo samplingby creatingmultivariate
normal distributionswith the meanand varianceof eachvariable for all 24
@Iaxieswith 10° casedor eachvariable,we find
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