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Abstract. A rudimentary analysis of the 21 rotation curves The particular hypothesis to be testadhe first instance
given by Rubin et al. (1980) based on the hypothesis thabse from a simple analysis of the 21 rotation curves of late-
V.ot = A R*where(a, A) are constants particular to any givertype spirals given by Rubin et al. (1980), hereafter RFT, and is
rotation curve, raised the further hypothesis that the distributitimat when the phenomenological power-law model, given by
of the parameteih A (estimated by linear regression on the ro- o

tation curves) has a discrete structure which, if representingi@n, = A (R) ’ (1)
underlying real physical effect, would imply that the dynamics Ro

of spiral galaxies are constrained to occupy discrete states. js fitted to optical rotation curve data of, specifically, late-type
The a.Va.|Iab|||ty ofthe very |al’gHa rotation curve data basespiral ga'axies then there exists a Sca”ng fadﬂar,somewhere
of spiral galaxies (Persic & Salucci, 1995; PS hereafter) has pi@the rangg0.5, 1.0) kpc which is such that the distribution of
vided an opportunity to conduct a strong test of this idea, and yg correspondinin A is periodic with period of 0.5 and with
find it confirmed at a level of almost certainty on the data ang-;erg phase. The following analysis finds a positive result on
ysed. Given the already well known strong relationship betwep’y gata for the scalin, ~ 1/1.7, and estimates the signif-
rotational kinematics and luminosity properties of galaxies, thigance of the result via an extensive Monte-Carlo simulation
result implies that the luminosity evolution of spiral galaxies ighich consisted o2 x 106 trial analyses of synthetic data; the
constrained to occur on discretely defined surfaces so thatcfinclusion of this initial analysis was that the hypothesis is sup-
nally, a form of ‘cosmic coherence’ for galaxy evolution appeaprted on PS data for late-type spirals at a confidence level of
to be suggested. 99.994% - equivalent to about a 1:16000 chance. However, the
analysis found no evidence at all to support the extension of the
Key words: galaxies: fundamental parameters — galaxies: kingypothesis to the case of early-type spirals.
matics and dynamics —galaxies: spiral —cosmology: dark matter gefore considering the discrepancy between a positive result
for late-type spirals and a negative result for early-type spirals, it
is necessary to understand the purpose for which the numerical
scaling factor,Ry, was introduced intd{1): RFT defined their
galactic linear scales on the basis of Hubble distances which
The hypothesis to be tested is based, primarily on the assuygre estimated using = 50 km/sec/mpc. This latter figure
tion that the power-law structur®,.; = A R, provides an ap- is now known to be too small by a considerable margin, so that
propriate formalism for the modelling of the kinematics withithe RFT galactic linear scales are too big by a corresponding
optical discs. The fitness of this formalism for the purpose higstor. The introduction of thé, scaling factor can therefore
been exhaustively investigated and very strongly confirmedhf seen as a device designed to rescale Tully-Fisher derived
Roscoe (1999). The basic conclusion reached there is thag@gctic linear scales in the PS data so that they approximated
the very least, the power-law model represents an extremB§T’'s Hubble-derived galactic linear scales. By this process,
good approximation to the idealized reality (that is, in the a-then became possible to test a hypothesis raised on the RFT
sence of the inevitable disc irregularities) once the effects of tflata directly against PS data.
bulge on optical-disc dynamics have been properly accounted Once the scaling factoR,, is recognized as merely a com-
for. The data-reduction process by which this latter objectiaitational device designed to compensate for a biased param-
was achieved is described in Roscoe and, briefly, it amount£ter estimate (that off = 50 km/sec/mpc), then we have a
aprior-decidedmeans of minimizing the effect of the bulge orfationale for reconsidering the data in its Tully-Fisher (TF here-
the rotation-curve calculations, and is assumed to be an inte@¥#@r) scaled form (that is, effectively using, = 1). When
part of the analysis presented here. this was done, it was found that theA peaks, found to exist
with a half-integer, zero-phase periodicity in the Hubble-scaled
Send offprint requests 1®.F. Roscoe data Ry = 1/1.7) for late-type spirals, were shifted to differ-

1. Introduction
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ent positions in the TF-scaled data. But now, it was found thedble 1.V = A R*
these peaks in late-type spiral data coincidedctlywith simi-
lar peaks in early-type spiral dat a coincidence which did notGalaxy  Ln(A) Galaxy Ln(A)
exist .in the Hubble-scaled dat®&{ = 1/1.7) because of t_he N3672 36  U3691 36
non-linear nature of the transform bf A under the rescaling N3495 4.0  N4605 4.0
process (see Appendix B). 10467 41 NO701 4.1

So, to summarize, a simple analysis of late-type spiral datao3s 41  N4062 4.5
given by RFT led to the hypothesis that, for an appropriate lings2742 45 N4682 4.5
scalingIn A data has a half-integer, zero-phase periodicity; thié/541 46  N4321 4.9
hypothesis was confirmed, via extensive Monte-Carlo simula-
tions, at the level of about a 1:16000 chance on Hubble-scaled
In A data derived from the PS late-type spirals. The existeniw® great by a factor of 1.4, and such an error has the same
of this effect was then traced directly to the existence of veryericaleffect as defining the scaling fact® = 1/1.4 kpcin
strong peaks in the TF-scaltdA data for the late-type spirals, (T). In other words, although we notionally d& = 1.0 kpcin
and these peaks were then found toelzactlymirrored in the our simple analysis of RFT data, the data reduction process of
TF-scaledn A data for early-type spirals. RFT has implicitly introduced the prior valugy ~ 1/1.4 kpc,

A conservative estimate of the probability of obtaining thi it is assumed thal ~ 70 km/sec/mpc.
results of this latter analysis by chance, given the original hy- Giventhatthe RFT data suggests the existence bf drpe-
pothesis raised on RFT data, is abodt ”; We concluded that riodicity of 0.5 for the choice of scaling factdt, ~ 1/1.4 kpc,
the effect is confirmed at a level of almost certainty. Howevexe are led to the hypothesis that, for the generality of late-
given the profound nature of the result, caution dictates that tiype spiral rotation curve data (the kind considered by RFT),
analysis is repeated on a similarly sized new data base. there is a scaling factoR, somewhere in the range defined by

1.0 < Ry' < 2.0 which is such thaln A is distributed period-

) ically, with period 0.5 and zero phase. This hypothesis is tested
2. The hypothesis and RFT data against PS data in the following, and an objective assessment
The hypothesis arose in the following way: prior to the ana® the significance of the obtained result is derived through an
ysis of Roscoe, the power-law model was preliminarily testé¥tensive Monte-Carlo simulation which consistec2of 10°
against data drawn from a sample of 21 rotation curves of latéal analyses of synthetic data. The final conclusion is that this
type spirals given in the classical paper of RFT. This testiftyPothesis is supported on PS déta late-type spiralsat a
took the form of performing a linear regressionlofi/,,, on confidence level of 99.994%.
In R for that subset of twelve rotation curves which manifested
purelymonotonicbehaviour, and thgn recording the r.egressigg The methodology
constants. No scaling factor was introduced for this exercise
(equivalent to the the assumptid?y, = 1.0.) RFT assumed The most recent determinations of the Hubble constant place it
H = 50 km/sec/mpc and used redshifts corrected for the mon the rangess < H < 75 km/sec/mpc; consequently, since
tion of the local group to define Hubble distances; their line&FT used0 km/sec/mpc then, effectively, they introduced a
scales were based upon these distance estimates. The reswiging factor defined byR, ' ~ 1.4. Given this, it was con-
quoted to two significant figures, are condensed in Table 1. Fidered reasonable to suppose that, if the periodicity effect in
present purposes, the most striking feature to be observed in thigd reflects a real physical phenomenon, then the appropri-
table is that, after taking into account the numerical roundirage scaling factor will lie somewhere in the range defined by
processln A only takes values which lie withif:0.15 of anin- 1.0 < R;' < 2.0. Our methodology is designed around this
teger or half-integer. The argument to determine the likelihostipposition.
of this result goes as follows: the probability that a single num- In practice, therefore, our analysis introduces eleven exper-
ber, chosen at random from the real line, will lie withift.15 imental scaling factors defined by, ' = 1.0,1.1,...2.0. At
of an integer or half-integer is exactly6. It follows that the each of these scalings, the specific question posedheas
probability of every one of a sample of twelve numbers, choserany of thén A values lie withint0.15 of either an integer or
on the basis of some independent prior criterion, lying withimalf-integer value?
+0.15 of an integer or half-integer &6'2 ~ 0.002. That s, the
RFT data appears to suggest thatd might be periodic with
period 0.5 and zero phase.

Considering the matter in more detail, we recall thas we have mentioned, the search process involved intro-
although RFT usedH = 50km/sec/mpc to set their ducing eleven experimental scalings defined Rgl =
linear scales, the more recent consensus is thHat > 1.0,1.1,...,2.0, and then asking the specific question at each
50km/sec/mpc by a considerable margin. For example, ifescalinghow many of thén A values in the given sample lie
H =~ 70km/sec/mpc is accepted as more reasonable than thethin +0.15 of either an integer or half-integer valueBe-
value applied by RFT, then the linear scales used by them aesise these ranges cowéf, of the real line, they are referred

4. The search and results



D.F. Roscoe: Is galaxy evolution constrained to occupy discrete states? 699

Table 2. Table 3.1n A Data
Galaxy Optimal Sample Number Single Trial Hubble TF
Types  Ro kpc  Size Of Hits  Probability Scaling Scaling
0..9 1/1.7 900 588 0.561 x 1073 25 2.99
0.5 1/1.5 485 304 0.123 3.0 3.40
6..9 L7 415 292 0.731 x 107° 35 3.81
4.0 4.22
4.5 4.63
5.0 5.04

to as60% bins in the following. The results of the analysis arg® 545

condensed into Table 2 which shows the results for the optimal

rescalings to be used for three partitions of the data. In this ta- )

ble a ‘Hit' is defined to be when a particular A lies within Referring to the Hubble-scaldd A data asn 4,/ 7 and

one of the60% bins. The first row considers all the galaxied'® TF-scaledn A data asin Ao, we show, in Appendix B,

together, the second row considers early and intermediate tyfd 1 41/1.7 andln A,  are related by

together, whilst the third row con_siders the late types togeth%;Al.o ~ 0.82 In Ay 7+ 0.94, )

these latter types were the exclusive types of the RFT study. The

final column of this table gives the probability of the relevant follows that, using this relationship, we can estimate how

result occurring by chance aloassuming that the optimal scal-integer/half-integer values df A in the Hubble-scaled data

ing was chosen correctly without searchirigs clear from the transform into TF-scaleth A values.

table that the only significant result occurred for the late-type We make use of this information in the following way: Con-

spirals with a scaling parameté, = 1/1.7; however, given sidering the Hubble-scaled data{ = 1/1.7), we firstly isolate

that, in practice, a search over a range of eleven (adjacent) #ose late-type rotation curves for whitthA lies within 0.1

perimental scalings was executed then the actual probabilitigsin integer or half-integer and then, for this subset of rotation

are at least an order of magnitude less significant. These actuales, calculateth A using the TF-scalingi, = 1.0). The

probabilities were assessed using Monte-Carlo simulations Hasbble-scaled and TF-scaléa A data are then plotted adja-

briefly described in the following section. cently in Fig[1, where the Hubble-scaled data is shown in the up-
per diagram. It is clear that the TF-scalad4 data is consider-
ably shifted with respectto the Hubble-scaled data so that the ex-

5. A Monte-Carlo simulation act correlation between the two sets of datais not clear. To clarify

N - [ lation we us€l(2) above to estimate the valubs 4f
The only really significant result arising from the scale—searélﬂIscorre . -0
y y signiti utt ansing corresponding tdn A, 7 = 2.5,3.0,3.5,4.0,4.5,5.0,5.5.

process was that associated with the late-type spirals. Howeyer
the adjacent nature of successive experimental rescalings meanéscor_res_ponc_ience between Hubble-scaled and TF-doaled

. . . . : . values is given in Table 3, and the tabulated TF-schietival-
that each experiment is not strictly independent of its nelg}ﬁ-

bours, and it therefore becomes difficult to assess the probaﬁﬁ—S are indicated as .vertlcal dotted lines in the lower part OT
19.d. These dotted lines allow us to make the correct associ-

ity of the obtained result (292 hits out of a sample of 415 typ(i'_ons between the Hubble-scaled and the TF-scaled data, and

: i : i
6..9 spiral galaxies) accurately. This problem was resolved %ese associations are indicated by the labelling A0, A, B, C. D,

Qﬁe'\fg:,t;_ciﬁf SIQﬂitfnZhgfhget?éIE;;imhIg?c?t:teaciirﬁicr![tr)]e and F. We see that peak A0 in the Hubble-scaled data has com-
y pp ' P y 9 letely lost its fidelity in the transformation to the TF-scaling

-5 . p
2?3::22; 1(;32';3 %%ss?;ragltjigendsthﬂ x 107 (abouta 1:16000 (reference to Appendix B shows that (2) dependsadata, so

that this loss of fidelity is probably due to the large scatter in
a-data for lowln A apparent in Fig_All of Appendix A). By
contrast, peak A in the Hubble-scaled data has retained reason-
able fidelity in its transformation to the TF-scaling, whilst peaks
As we have mentioned, the introduction of the numerical scaliBg C, D, E and F have transformed with improved fidelity into
factor,Ry = 1/1.7, in () was essentially a device whose effedhe TF-scaling.

was to make TF-scaldd A data transform approximately into  Finally, in Fig[2, we show the complete set of TF-scaled
Hubble-scaledn A data withH = 50km/sec/mpc so that, In A data for late-type spirals in the upper diagram and, in the
finally, a hypothesis raised on RFT data could be tested diredtiyer diagram, we reproduce the lower diagram of[Hig. 1. How-
using PS data. For the remainder of this paper, we reconsiderdkier, the dotted lines now represent the centre-lines of the peak-
datain its natural TF-scaling, and refetitod data scaled using maxima of the lower diagram, and it can be seen that these also
Ry = 1/1.7 as ‘Hubble-scaled data’. The first requirement isoincide with the peak-maxima of the upper diagram. Remem-
to understand the relationship between TF-schletldata and bering that the lower diagram represents the transformation of
the Hubble-scaleth A data. the integer/half-integer peaks in Hubble-scdied data to the

6. The TF-scaled Ln(A) data for late-type spirals
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Types 6..9: Integer/Half-integer Peaks In The Hubble-Scaled Data Types 0..4: Ln(A) For TF-Scaled Data
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Fig. 1. Transformation of Hubble-Scaléd A peaks to TF-scaling ~ Fig. 3. Correspondence between early-type and late-lypedata

Types 6..9: Ln(A) For TF-Scaled Data
25) ' N ' ] duces the lower diagram of Fig. 2, shows the already identified
: " HE peaks in the TF-scaleld A data for the late-type spirals with

the centres of the peak-maxima being indicated by the vertical
dotted lines. It is clear that the major late-type peaks B, C and
E (lower diagram) have exact matches in the early-type data
1 (upper diagram) whilst peak D in the late-type data has a rea-
s os s a5 a4 a5 & 55 & es SoOnablyclose matchonthe early-type data. The peaks A0 and F

Integer/Half-integer Peaks Transformed To TF-Scaled Data cannot be separated from the noise in the early-type data whilst
T L L S ' : there is an indication that peak A in late-type data is reflected

: O S in the early-type data.

Since FiglB makes it plain that the peak-structure of TF-
scaledln A data for late-type spirals is reflected in the peak-
structure of TF-scaleth A data for early-type spirals, it be-

1 comes natural to ask why the Hubble-scdled data for early-
type spirals fails to show the half-integer periodicity which was
manifest on the Hubble-scaléd A data for late-type spirals.
This question is considered in detail in S&¢t. 9

Frequency

Frequency

6.5

Fig. 2. Identity between TF-scaled and Hubble-scdled peaks

TF-scaling, then the dotted lines of Hifj. 2 make it clear that tI§é The TF-scaled Ln(A) data for the complete data set

integer/half-integer peaks of Hubble-scaled! data (as repre- In the previous section, we have shown how the peaks B, C,
sented in the TF-scaled lower diagram) correspond exactlyaiod E in TF-scaleth A data for late-type spirals appear to have
true peaks in the TF-scaléd A data, represented in the uppetheir exact counterparts in the corresponding data for early-type
diagram. In other words, the peaks A, B, C, D and E of thepirals, whilst peak D of early-type data has a reasonably close
upper diagram in Fi@.l2 correspond exactly to the 3.0, 3.5, 4l@te-type counterpart.
4.5 and 5.0 peaks originally hypothesised to exist on the basis In this section, the TF-scaldd A data for all 900 rotation
of the RFT data. The remaining peaks, AO and F (not indicatedrves in the data base is combined and shown ir(Fig. 4; the
in Fig.[2), are too small to be separated reliably from the noiseertical dotted lines in the figure indicate the positions of peak-
maxima in thdn A data for the specificalliate-typespirals, and
are therefore identical to those shown in Eig. 2. It is clear from
Fig.[4 that the peaks A, B, C, D and E in the late-type data have
In this section, we show that the TF-scaladd-data for early- been dramatically boosted by the corresponding peaks in the
type spirals has virtually the same peak-structure as the Early-type data; infact, itis now the case that all four of the peaks
scaledn A-data for the late-type spirals. B, C, D and E in the combined sample coincide exactly with
The upper diagram of Fifj] 3 shows TF-scalaed! data for the corresponding peaks in the specifically late-type data. In
the early-type spirals whilst the lower diagram, which repraddition to this, it becomes clear that peak A, identified in[Big. 1,

7. The TF-scaled Ln(A) data for early-type spirals
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Types 0..9: Ln(A) For TF-Scaled Data Types 0.5 Types 0.5
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Fig. 4. Magnification of identified peaks in 900 rotation curves Fig. 5. Normalized standard errors in A data anch data

but partly discounted in Figs] 2 andl 3 because of background
noise, is significantly enhanced in Hig. 4. galaxy class, and their distributions are shown in [Hig.5. The

In summary, it is very clear that the effect of combininglistributions forln A data are shown in the two left-hand dia-
the early-type data with late-type data has been to magnify @i@ms, and it is clear that the distributions are very similar. By
peaks A, B, C, D and E very considerably above the backgroug@ntrast, the distributions fardata, shown in the two right-hand
noise. This magnifying effect makes it possible to reach tiféagrams, are markedly different in the sense that the propor-
strong conclusion that the peak-structurérimd data for late- tion of a-values with a normalized standard errer0.1 is very
type spirals, which was effectively hypothesised to exist on tReuch higher in the early-type data than in the late-type data.

basis on the RFT data, also existslam data for early-type It follows from this simple analysis that the TF-scaledi-
spirals. data possesses similar accuracy for both early and late-type spi-

rals, whilst the Hubble-scalebh A data - which depends on
«-data - will be more accurately defined for the late-type spi-
rals than for the early-type spirals. These findings are consistent
We showed, in Sedf] 7 and Sddt. 8, that TF-scaled data for with the failure to detect integer/half-integer periodicity in the
early-type spirals has the same peak structure as the correspbhubble-scaledn A data for early-type spirals.

ing data for late-type spirals. Given this, it becomes natural to

consider why the Hubble-scal&d A data for early-type spirals . .

failed to exhibit the half-integer periodicity exhibited by the cort0: DiSCrete structure ina-data

responding data for late-type spirals. We show that the probaBigce, as Fid. A1 in Appendix A makes very pldinA ando are
reason for the discrepancy lies in the dual circumstances:  very strongly correlated, and since we have showrlthdtdata
appears to have a discrete structure, then it might be expected
thata should manifest a similarly discrete structure. However,
detailed investigations have failed completely to identify any

pendix A, . .
2. the observation that the data for early-type spirals turnsSUCh structure, and F'.6 shows why - even if the hypothesised
ucture really does exist.

out to be considerably noisier than the corresponding dg{é The upper diagram shows the distribution of the normalized

for late-type spirals. standard regression errordofA data, whilst the lower diagram
These two circumstances together mean that Hubble-siealed shows the distribution of the normalized standard regression
data is more accurately defined for late-type spirals than itis ferrors ofa data drawn on the same scale. It is clear that the
early-type spirals, and this is consistent with the fact that peaksrmalized standard regression errorsdafata are about five
which are seen in TF-scaléd A data for both early and late-times greater than the corresponding errors forlthéd data,
type spirals only have detectable counterparts in the Hubhblgith a mean of about 0.1. Given that five peaks, A,B,C,DandE
scaled data of the late-type spirals. have been identified im A dataintheranggd < In A < 5.5,

As a means of investigating the possibilities, we considdren, as reference to Fig. A1 makes plain, we should expect also
the normalized standard regression errors (that is, [standfivé peaks ine data in the rang@ < a < 1.0 - so that the
error]/[expected value]) of the parametdrs, In A) in each peaks would be expected to have a mean separation of about

9. A qualitative error analysis

1. the transformation to Hubble-scaléd A data from the
TF-scaledin A data involvesy data through[{AR) of Ap-
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, L) data ‘ This level of probability suggests very strongly that the hy-
600} 1 pothesised phenomenon reflects a fundamental physical reality;
o however, the implications for our understanding of galactic evo-
g 400} Mean normalized standard error = 0.02 1 lution are so profound, that extreme caution is indicated as an
§ appropriate response - specifically, the subject requires, at the
2007 1 very least, a second analysis of a similarly sized independent
. — H Cle— L data-base.
0 0.05 0.1
Alpha data

T ' ' 12. Discussion

[0

o

o
L

The foregoing analysis has shown that a hypothesis, originally
Mean normalized standard error = 0.10 1 raised on RFT rotation curve data, for discrete structure in the
distribution ofln A, is confirmed on PS data at an extremely
high level of confidence. Always bearing in mind that such a
. . il profound claim requires the highest level of substantiation, it is
0 Nomalized e 0.1 Worthwhlle (_Jllscus§|ng the implications of_the presente_d results_.
To aid the discussion, we make the working assumption that, if
Fig. 6. Comparison of normalized standard errors betweefhanda  1n A has discrete structure, then so also dees
data According to the analysis of Roscoe, the rotational kinemat-
ics and luminosity properties of spiral galaxies are very strongly
connected through the relationship

Frequency
S
o
o
T

n
o
o
T
|

0.2. However, the mean normalized standard erraer déta of
about 0.1 is entirely sufficient to destroy any signahimlata log A = logVy — « log Ry, where

with a mean period of about 0.2. log Vj —0.584-0.133 M — 0.000243 S,
log Ry ~ —3.291-0.208 M — 0.00292 S, (3)

%

%

11. Assessment of probability whereM represents absolute magnitude aghdepresents sur-

The original hypothesis, raised on RFT data, was confirméate brightness. Note that this latter relationship uses base-10
in the late-type spiral PS data with a probability of abéut logarithms, rather than natural logarithms. Consequently Af
10~° (obtained from extensive Monte-Carlo simulation) of ianda have discrete structure, thé andS are constrained by
being a chance effect. Since the labelled peaks in the upp above relationship to lie in any one of a set of discretely de-
diagram of Fig R represent the TF-scaled evidence supportfifd surfaces. Thus, the basic discreteness would lie, not in the
this hypothesis for late-type spirals, then the above mentiorkidematics, but rather in the idea that the luminosity evolution
probability of6 x 10~° can be associated with this diagram. Thef spiral galaxies would be constrained to occupy discrete state
objective now is to attempt an assessment of the probability tiéanes.
the major peaks, B, C, D and E, of Hig. 4, have arisen at exactly Given this, there are then two possibilities: either a galaxy
the positions of the corresponding peaks in Fig. 2 by chanéeborn’ on a given state plane, and then simply exhibits evolv-
alone. ing luminosity properties over its whole life remaining on that
The peaks B, C, D and E of F[g. 4 are as dominant as thekane; or the process of galactic evolution involves very rapid
are because the corresponding peaks in the upper diagrartrajiisitions between state planes which punctuate long periods
Fig.[2 have been boosted in exactly the right way by the dathequilibrium occupying a single state plane.
represented in the upper diagram of Eig. 3, which refers to early- The theoretical difficulty raised by both of these interpreta-
type spirals. Of the peaks B, C, D and E in FFig. 3, three of thelfl@ns concerns the implication of a cosmic coherence, whereby
(B, C and E) occur at exactly the same histogram bar as @y given state plane at any given time is a shared state of some
corresponding peaks in F[g. 2; the fourth, D, provides a clok#ge subclass of all spirals.
match. Suppose we discount the close match of D, and consider
only the probability of coincidence between peaks B, C and .
In the range3.5 < In A < 5.5, there are 36 histogram barsEg' Conclusions
(each is of width 0.055), and so the question is equivalent Beginning with an hypothesis originally raised on RFT optical
asking the probability of picking three red bricks out of a bosotation curve data, we have shown that whgp, = A R“
containing 32 black bricks and four red bricks in four trials, anid fitted to the data, and after the effects of the bulge on the
with no replacements. Since the probability of this happeningagtical disc have been accounted for, ther appears to have
about2 x 1073, then the overall probability of Fifl 2 and Fig. 3a preference for certain discrete values. When linear scales are
occurring as they do, given the original hypothesis raised defined on the basis of Tully-Fisher distance estimates, these
RFT data, is abouis x 107°) x (2 x 1073) ~ 10~7, or about preferred values are those listed in Table 4; the probability of this
1:10,000,000. being a chance effect has been conservatively estimated at about
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Table 4. Predicted positions of major Ln(A) peaks 6 Southern Sky Spirals: Whole Sample

336 385 424 468 5.06 55

5
10~7. Even though the probabilities associated with this study

are vanishingly small, its implications for our understanding of4s
galactic evolution are so profound that, at a minimum, at least
one other similar study of independent data should be madejg ar

Appendix A: the Monte-Carlo simulation -

The requirement was to perforinx 10 simulations, each of @

them effectively repeating the calculation of SELt. 4 on synthetic

data. 25¢ ° © ° 1
The direct approach would have been to geneatel 06

sets of syntheti¢R, V,..;) data (each consisting of 900 synthetic %2 0 02 04 06 o8 1 12 14 16 18

rotation curves) from the real data, and then to repeat the whole alpha

process as so far described for each such synthetic set. HowerigrAl. (o, In A) plotted for each of 900 rotation curves

such an approach would be extremely costly in its computing

requirements, and a very much more efficient approach exists Randomly select fivéa,In A) pairs from that list of 415

as described in the following. such pairs which correspond to late-type spirals and label

Introduce the notation them ag(a1,In A1)...(5, In As);

R\“ — Generate five random numbeys,..ps on the rang€0, 1);
Viot = ARq (Ro> ) — Form synthetic valuegq, In A), as weighted averages ac-
) cording to
so that the constamt i, corresponds to the scalingy. From a1+ .+ Docr
this latter relationship we have, for arbitrafy,, and for the o = PO1LT - T P50
specific casd?y = 1, the respective relationships P1t .+ D5
A~ P InA; +..+psInAs

V.t = nAg, —alnRy+alnR (A1) nAa = 1Lt +ps :
Vi = InAi +alnR, — Repeat the whole process 415 times to generate a synthetic

from which it follows immediately that data set of equal size to the real data set.

Whilst this process creates a synthetic distribution from the real
distribution in a way which preserves that distribution’s mean
Consequently, ifn A; and« are calculated for any given ro-values and its overall shape (the envelope of the synthetic distri-
tation curve through linear regression R, V;..:) data with bution is geometrically similar to that of the real distribution) it
Ry = 1, then the corresponding value bf A, for an arbi- cannot preserve variance in the distribution. This is because the
trary Ry #+ 1, can be efficiently computed usirig(A2). adopted process creates a new distribution which is squeezed
Adirectimplication of this simple result is that we can worlnsidethe boundaries of the original distribution. This is easily
directly with the real«, In A) data generated just once for theinderstood by considering an identical process performed on
caseRy = 1 on the real rotation curve data, and subsequentlyone-dimensional distribution of numbers; in this latter case,
use this to generate synthetie, In A) data corresponding to athe synthetic distribution is easily seen to be necessarily con-
syntheticR, = 1 case. Once we have such&pn = 1 synthetic tainedwithinthe original distribution. Consequently, the process
data set, the computationslafAr, for Ry # 1 synthetic data of generating a synthetic distribution is completed by expand-
can be efficiently completed usirig (A2). ing the distribution obtained at the first stage in a self-similar
way about its median point until the extremities of its envelope
match those of the real distribution. The réaJ In A) distribu-
tion, plotted forRy = 1, is shown in Fid All, whilst a typical
Although we are primarily interested in the distributionofd  synthetic distribution derived from this real data is shown in
across the sample of rotation curv&s;J(A2) shows that an effici€ig [A2]
recomputation ofa A, ateach experimental rescaling requires
knowledge of they distribution as well. Correspondingly, the . .
task is to generate synthetic distributions(of In A), rather A2. the simulation process
than solelyin A, from the real data. The process is described Fhe problem is to obtain an objective assessment of the signif-
the following algorithm. icance of the 292 hits out of 415 trials recorded for late-type

InAgr, =InA; +aln Ry. (A2)

A.1. formation of synthetic data sets
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After 2 x 10% such simulations it was found that only 124
of them recorded 292 or more hits out of the 415 trials involved
in each simulation. Consequently, the probability of the results
of Table 2 arising purely by chance was assessé®at 10~2,
which is equivalent to a confidence level of 99.994%

1 Appendix B: the transformation
between Hubble-scaled and TF-scaled Ln(A) data

Eq. [A2) of Appendix A gives, foR, = 1/1.7,
InA;o=InA;/7 + 0.53a, (B1)

° whereln A o refers to the value di A in the TF-scaled data,
o andln A, ; 7 refers to its value in the Hubble-scaled data.
, Furthermore, itis clearfrom Fig_Al thiat A, ¢ ~ ag+bg
02002 e 0e BB, T M M 1818 for some(ag, bo); in principle, thereforeq can be eliminated
from (BI) in favour ofln A; o to give an equation relating
Fig. A2. Typical synthetiqc, In A) data In Ay o directly toln A, /; 7. Various estimates for the approx-
imationln A; o ~ ag + by o are given in Roscoe at Table 3

spirals in Table 2, and the Monte-Carlo process constructecdbOf Which suit the present purpose. One particular estimate,
arrive at this assessment consiste@ of 10° individual simy- ©OPtained by a minimization procedure, is give as
lations, each one of Which has the foIIow?ng structure: In Ay o ~ 5.27-2.44 a,

The real data consists of the 415 pairs(efln A) values
computed by linear regression on the basic PS data using a saat this, when substituted infa (B1), gives
ing factor of Ry = 1, and is therefore denoted@s In A, ) data.
Each individual simulation uses this real data to generate 45410 = 0.82 In Ay /.7 +0.94,
sets of syntheti¢o, In A;) data. At each simulation, eleven ex-
perimental scalings, defined Ré_l =1.0,1.1,...,2.0,werein-
troduced and, for each such length scale, the synthetia A,)
data was used to generate synthgtidn A g, ) data usingl{APR).
At each such experiment, the specific question was then askihewson D.S., Ford V.L., Buchhorn M., 1992, ApJS 81, 413
how many of the 415 synthetic A, values lies within:0.15  Nelder J.A., Mead R., 1965, Comp. J. 7, 308
of an integer or half-integer® the answer to this latter ques-Persic M., Salucci P., 1995, ApJS 99, 501 (=PS)

; thite! . :Boscoe D., 1999, A&A 343, 697
Egnr:(lg?dz\?\ésoL;)?re hits” then a record was kept; otherwi ubin V.C., Ford W.K., Thonnard N., 1980, ApJ 238, 471 (=RFT)
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