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An analysis of 900 optical rotation curves:
Dark matter in a corner?
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Abstract. Oneof the largest H,, rotation cune databasesof spiral galaxiescurrently available
is that provided by Persicand Salucci(PS)[1], which hasbeenderived by them from unreduced
rotationcune dataof 965 southerrsky spiralsobtainedby Mathevson, Ford andBuchhorn(MFB)
[2]. Of the original sampleof 965 galaxiesthe obserationson 900 were considerecdby PS 1995
to begoodenoughfor rotationcurve studies andthe presentanalysisconcernstself with these900
rotationcurves.

The presentanalysisshavs that the rotation velocity, V', at ary radial displacementR, in the
optical disc of ary given spiral galaxy satsifiesthe law V/R* = V,/R§, where Ry andVp are
given asapproximateunctionsof the galaxy’s absolutemagnitudeandsurfacebrightnesswhilst o
is an unidentifiedfunction of othergalaxyparameters- of which the mostsignificantoneswill be
therelative proportionsof thedisc, bulge andhalomass-componentdt is this latterfunctionwhich
providesthe opportunityfor adark-mattemodellingprocesswhichis independenof ary particular
dynamicaltheory
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PACSNos 98.62.Dm; 95.30.+d

1. Introduction

A first analysisof the dataconsiderederewasgivenby Persicet al [3], hereaftelPSS,in
whichthey concludedhatthereexistsa‘universalrotationcurve’ for spiralgalaxieswvhich
is determinedprimarily by thetotal luminosity of the galaxyconcernedandtheessencef
this conclusionis confirmedhere.

However, the presentanalysisof the samedatagoesmuch further and shows, finally,
thatthe rotationalvelocity in the optical disc of a spiral galaxywith absolutemagnitude
M andsurfacebrightnessS beharesaccordingo

V_%
R>  RY’
log Vo ~ —0.584 — 0.133 M — 0.000243 S,

QR

log Ro ~ —3.291 — 0.208 M — 0.00292 S, (1)

Sincethis modelis shavn to accountfor over 90% of the variationin the pivotal diagram,
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it canbeconsidereds,attheveryleast,anextremelygoodapproximatiorto the statistical
reality, asjudgedfor alargenumberof spiraldiscs.

2. Thedata

The datagiven by PSis obtainedfrom the raw Ha dataof MFB by deprojection fold-
ing and cosmologicalredshiftcorrection. For ary given galaxy the datais presentedn
the form of estimatedotationalvelocitiesplotted againstangulardisplacemenfrom the
galaxy'scentre;estimatedinearscalesarenot givenandno data-smoothings performed.

Theanalysigproposechererequiresthelinear scaleof the galaxiesn the sampleto be
definedwhich, in turn, requiresdistanceestimatef the samplegalaxiesfrom our own
locality. Thisinformationis givenin the original MFB paperin the form of Tully—Fisher
distances.

3. A basic correlation imposed by power-law rotation curves

Thestartingpoint for the presentednalysisvasthehypothesighatV = AR for rotation
curves.For eachof the900rotationcurvesin thesamplewethenregressedog V onlog R
to obtainestimate®f log A and«; the 900 pairs(«a, log A) werethenplottedon a single
diagramshavnin figure 1.

Thisfigure shawvs thatthereexistsanextremelystrongnegative (a, log A) correlation.

4. The model

A detailedanalysisof figure 1 shavs thatit imposesvery strongorderon the luminosity
characteristicef thegalaxiesn thesample Specifically whenwe partitionthewholesam-
pleinto magnitude-limitedjuartiles we find thatfigure 1 decomposeinto the diagramsf
figure2. We seea clearevolution of the (o, In A) plotsastotal luminosity decreaseand,
within eachplot, we seethat surface-brightnessariessystematicallyin the senseof low
surface-brightnesen the bottomboundaryof eachplot to high surface-brightnessn the
upperboundaryof eachplot.

Table 1.

logA=bo+bit M +b2S—coa—ciaM —caaS

Pred. Coef. Std. Dev. t-ratio P
x 104 x 104
Const. —-5840 890 —7 0.00
M —1330 44 —-30 0.00
S —2.434 0.77 -3 0.00
a 32910 1600 21 0.00
aM 2080 84 25 0.00
aS 29.23 2 14 0.00
R? = 90.3%
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Southern Sky Spirals: Whole Sample

26
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Figurel. (a,log A) plottedfor eachof 900rotationcurves.

-23.55 <M <-21.58 -21.59 <M <-20.72
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Figure 2. Surface-brightnesboundarieshavn for eachmagnitude-limitedjuartile.
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Defining

log A =log Vp — a log Ry,
logVo =bg + b1 M + b2 S,
logRo =co+c1 M + ¢3S,

where M is the absolutemagnitudeand S is the surfacebrightnesdn solarluminosities
persquareparseane arrive, finally, atthe model

Vo W
R* ~ Rg’
log Vo = —0.584 — 0.133 M — 0.000243 S,
log Ro = —3.291 — 0.208 M — 0.00292 S. )

Referencdo tablel shovsthatall the predictorsof thismodelaresupportedy very strong
statistics.

5. Theory-independent dark-matter models

Of potentiallygreatessignificancejt is to be notedthathalo massmakesno explicit ap-
pearancén themodel(2); giventhequality of fit of themodelto the data(over 90%of the
variationin the pivotal figure 1), this impliesthatthe only placethat halo-massanenter
the systemis throughthe undeterminedunctiona. It is this latterfactwhich providesthe
possibility of a dark-mattemodellingprocessvhich is independenbf ary particulardy-
namicaltheory Specifically since,for ary givengalaxy reasonablestimatedor d,,, and
b, canbeobtainedthenit becomegossibleto modela in termsof thesetwo quantities.
Analysisof arny systematidifferencesarisingbetweenx-valuescalculatedrom the rota-
tion curves,andthe modelleda-valueswill then,in principle,allow systematiestimates
of ary givengalaxy's dark-mattercontentto be givenin termsof the galaxy’s disc-mass,
bulge-massndsurfacebrightness.

6. Conclusions

By demonstratindiow completelythe power-law modelfor rotation curvesresohesro-
tation curve data,magnitudedataandsurfacebrightnesgdataover a large data-basethis
paper:

1. substantiallyrefinesthe well-known correlationsthat exist betweenthe rotational
kinematicsof spiral galaxiesandvariousof their non-kinematigpropertiessuchas
absolutemagnitude;

2. shavshow thepower-law rotationcurveis, almostcertainly exactfor idealizeddiscs
(thatis, for discswithout theirregularitiesinevitably presenin realopticaldiscs).

The detailednatureof the presentanalysisalsoprovidesa meandor the generatiorof
statisticaldark-mattemodelswhich areindependent of ary particulardynamicaltheory
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Apart from the objective desirability of suchmodels,they have an obvious potentialin
distinguishingbetweercompetingdynamicaltheories.
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