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Abstract: <span>A personal reflection on some fascinating scientific questions that worry Prof. Smolin.</span>
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Thé Pioneer. Anomalie:
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Evidence for the new scale in very low energy astrophysics:

T'he Tully Fischer Relation:

*Galaxies have flat rotation curves, with velocity V.
*Total luminosity L astro-ph/0204521

CL=V" a=3.9+0.2

E B aS LA SS B :I jJ
K=L/M (M-total mass) 3 &
CK M = V* wE

*CK should be prop to G 7~ ]
'CK= Ga, gL

a,— 1.2 108 ecm/sec?
e Fizure 22 The nesr-infrared Tullv-Fisher relation of Ursa Ma jor spirals (| Sanders L= Ver-
Pirsa:%800MA Cz/é — - i'ﬂ'_‘ / The rotation veloaty » the asympt: — “"Page’s/21
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Galaxies for which MOND fit is dubious

Galaxzy problem
NGC 2841 distance discrepant from Hubble flow value

NGC 2915 distance uncertain

D00 154  last few points dropping (no Newtonian fit, either)
IC 1613  wery uncertamn inclination and asymmeme dnft
F365-V2  inclination very uncertain

UGC 57350 inclinahon very uncertain

UGC 6446 distance uncertain

UGC 6818 nterachon?

UGC 6973 very dusty - does light trace mass? —
Ursa Minor very sensihive to Milky Way parameters
Draco sensihive to Milky Way parameters

Each of these cases 1s afflicted by substantial systemate uncertainties. Hawing the inclinaton nght is very important in a MOND analysis since 1t enters
through sin?. Similarly, the physical scale ag of MOND requires a proper distance to be known, which may not always be close enough to the Hubble
flow value. A partcularly interesting case 1s the dwarf Spheroidal galaxy Ursa Minor. It 1s very close to the Milky Way which complicates the analysis.

The stellar mass-to-light rato 15 unacceptably high (~17) if the standard IAU value of the Milky Way rotation velocity (220 km/s) 1s used. However, the
analysis 1s very sensihve fo this. If instead we adopt the more modem estimate of 185 km/s, then the mass-to-light rato 15 a much more plausible 4.

Acceptable fits to all these galaxies ean be found; the queshon 1s whether these are reasonably wathin the bounds of the uncertainties. Given the nature
ofmaonosmeesl data, [ think this 15 about the nght rate of goofs. (You know an astronomer 1s fudsing when there are no goofy data points)) Page 12/21

i | find it remarkable that in no case is the fit way off. This 15 usually what happens when you make up the wrong force law.
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The MOND pa ges

Welcome to the MOND pages

This 18 my personal forum for discussing aspeets of the Modified Dynamics proposed by Mot Milerom as a solution to the mass discrepancy problem.

Sciennfc Literature
Extensive hist of the literature concerming MOND), complete wath links to the actual papers when available, and the occassional commentary.
The Basic Issue, in bnef.
The Dark Matter Tree, showing the empineal roots of the mass diserepaney problem and the many proposed branches of solutions.
Frequently Asked (Jueshons

Matenal related to the Dynamical Evidence
Companson of MOND and Dark Matter

Includes a table itermzing vanous observational tests and how each fares.
Example of a MOND fit to a rotation curve.

Lots and lots of his.

These are plotted log(V)-og(F) for data wath velocity errors < 5%.

Points wath error bars are the data; red lines are the hts; light blue lines are the Newtoinian stars+gas.
Predictions made by Milgrom 1n 1983 which were subsequently confirmed (in 1998)
A MOND ft to the rolation curve of a low surface bnghiness galaxy.

Mass-to-Light Fatos and Stellar Populations

Femarkably reasonable.

Eoster of galaxies which have been used to test MOND:

84-0-11

N-body computations
Modelers beware: implementing MOND 15 not a one line change to standard particle-pushing codes. Chns Mihos explains why (The mnerhal
modification 1s inherently nonloeal )
Other numenecal approaches are necessary. The only good example of which I am aware 15 i1n Brada's thesis.
Pirsa: 04080003 Page 13/21

1 Matenal related to the Cosmic Microw=awve Backoround
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Fig. 9.— The rotation curves V(r) for individual galaxies with good data (filled points)
together with those inferred for the dark matter halo Vi(r) after subtraction of the baryonic
component (open points). The case of @ = 1 is illustrated here. All plots have (0.0) at
the bottom left corner. Tick marks are 1 kpe along the abscissa and 10kms™' along the
ordinate. Galaxies are arranged in order of decreasing velocity. from Vi, 2 300 kms™1 for
NGC 3533 to Vigax & 50km s~ for DDO 154. There is a wide variety in Vi(r). ranging from
nearly hollow halos to those that dominate down to small radius.
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Fig. 4— The mass discrepancy D = V*/V;” as a function of various observed scales: radius
(top panels): orbital frequency ! = V/r (middle panels): and centripetal acceleration a =
V2 /r (lower panels). In the panels on the left all data are shown: on the right are shown those

data with hich sceturacy (g /V < 5% Fach noint renresents one recsolved ooint within each
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