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MOND GRANITY 1S
: . . . ARBITRARY !
Modified Newtonian Dynamics (Milgrom 1983)

/

Instead of invoking dark matter, modify
gravity (or inertia). Milgrom suggested a
modification at a particular acceleration scale ag

Newtonian regime MOND regime
a = gy for a > ag a = +\/gnag for a < ag

MOND regime invariant under transformations (¢,x) — A(t,x)

Regimes smoothly joined by I (f) a = gN
0

a

pu(xr) — 1forx>1 u(xr) — x for x < 1 T= -
0

Modified Poisson equation

Derived from aquadratic Lagrangian
\VLi) of Bekenstein & Milgrom (1984) to
\ [“ (a_0> vq)] =47Gp  gatisfy energy conservation.



S— Az‘s,v.vo,n\
r_ M‘lgﬁé’s \‘WS MOND predictions

® The Tully—Fisher Relation

® Slope =4
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None of thé‘followmg data’&xisted in>1983.
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At that ‘time, LSB galaxies were w:dely

® Rotagion Curve Shapes

thought not to exist.

® Surface Density ~ Surface Brightness
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N ® Detailed Rotation Curve Fits

® Stellar Population Mass-to-Light Ratios
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MOND predictions

® The Tully—Fishe.r Relation

® Slope =4
V. Normalization = 1/(aOG)

Fundamentally a relation between
V Disk Mass and Vg .

“ No Dependence on Surface 0
Brightness o

® Dependence of conventional M/L on
radius and surface brightness

® Rotation Curve Shapes
® Surface Density ~ Surface Brightness
® Detailed Rotation Curve Fits

® Stellar Population Mass-to-Light Ratios



In MONID limit of low acceleration

a4 — \/gNao

V4 — CL()GM
observed TF!



Why?
Physics of the BTFR scaling relation

dark matter

halos: Mtot X V3

baryons: Mg oc V*

x >3 depending on mq(V)

Should depend on disk scale length,
unless all disks submaximal

Should work as long as
object not tidally disrupted

MOND

My = My = ——
tot b CL()G

an absolute consequence
of the force law for a << ao:

o g
gN = U (—) g
ago

Newtonian regime:
u—1 for g > ap so 9 = 9gn

MOND regime:
w— g/ag for g K ag sog = \/gnao

Should only work for
objects in MOND regime
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MOND predictions

® The Tully—Fishe.r Relation

® Slope =4
V. Normalization = 1/(aOG)

Fundamentally a relation between
‘/ Disk Mass and Vg .

V’ No Dependence on Surface
Brightness

w Dependence of conventional M/L on

radius and surface brightness

® Rotation Curve Shapes

® Surface Density ~ Surface Brightness

® Detailed Rotation Curve Fits

® Stellar Population Mass-to-Light Ratios
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MOND predictions

® The Tully—Fishe.r Relation

® Slope =4
V. Normalization = 1/(aOG)

Fundamentally a relation between
“ Disk Mass and Vg .

‘/ No Dependence on Surface
Brightness

M Dependence of conventional M/L on
radius and surface brightness

‘/0 Rotation Curve Shapes
® Surface Density ~ Surface Brightness
® Detailed Rotation Curve Fits

® Stellar Population Mass-to-Light Ratios
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MOND predictions

® The Tully—Fishe.r Relation

® Slope =4
V. Normalization = 1/(aOG)

Fundamentally a relation between
‘/ Disk Mass and Vg .

V’ No Dependence on Surface
Brightness

‘ﬁ Dependence of conventional M/L on
radius and surface brightness

V‘ Rotation Curve Shapes
V’ Surface Density ~ Surface Brightness

® Detailed Rotation Curve Fits

® Stellar Population Mass-to-Light Ratios
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Sanders & McGaugh 2002, ARA&A, 40, 263
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Sanders & McGaugh 2002, ARA&A, 40, 263
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Sanders & McGaugh 2002, ARA&A, 40, 263
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Residuals of MOND fits

0 500

Velocity error < 3% @) 3 - 6% @ 6 — 9% 9 - 12% + > 12%

2128 points in 78 galaxies
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Famaey, B., & McGaugh, S.S. 2012,
Living Reviews in Relativity, 15, 10


http://relativity.livingreviews.org/
http://relativity.livingreviews.org/
http://relativity.livingreviews.org/Articles/lrr-2012-10/
http://relativity.livingreviews.org/Articles/lrr-2012-10/

MOND predictions

® The Tully—Fishe.r Relation

® Slope =4
Vo Normalization = 1/(aOG)

® Fundamentally a relation between
Disk Mass and Vg .

No Dependence on Surface
Brightness

¢ Dependence of conventional M/L on
radius and surface brightness

V’ Rotation Curve Shapes
V’ Surface Density ~ Surface Brightness

® Detailed Rotation Curve Fits

® Stellar Population Mass-to-Light Ratios
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Line: stellar population model
(mean expectation)
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MOND predictions

® The Tully—Fishe.r Relation

® Slope =4
V. Normalization = 1/(aOG)

Fundamentally a relation between
‘/ Disk Mass and Vg .

V’ No Dependence on Surface
Brightness

¢ Dependence of conventional M/L on
radius and surface brightness

V’ Rotation Curve Shapes
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® Surface Density ~ Surface Brightness

® Detailed Rotation Curve Fits
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® Stellar Population Mass-to-Light Ratios



Newtonian regime MOND regime

Jin < Qp M = ——

g; > Qg M =
mn CLOG

e.g.,
surface remote
of the dwarf

Earth Leo I

External Field dominant
quasi-Newtonian regime

External Field dominant
Newtonian regime

9in < apg < Jex M = RV2 9in < Jex < ag M = @0 RV2
G Jex G
e.g.,
Eotvos-type e.g.,
experiment on nearby
the surface of Sgr
the Earth dwarf




A new test: the dwarf satellites of Andromeda

® “ndll AndXl &) .
- GG - Use MOND to predict
the velocity of stars within
AndXIV O each dwarf
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Velocity dispersions of the dwarf satellites of Andromeda
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Pairs of photometrically identical dwarfs should have different velocity dispersion
depending on whether they are isolated are dominated by the external field effect.
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There 1s no EFE in dark matter - this is a unique signature of MOND.




Name Luminosity Re Oobs Opred
And XVII |2.60E+05 381 2.9 2.5 EFE
Aand Xxxvii (2. 10E+0Y 284 4.9 4.3 |isolated
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Tidal Debris Dwarfs - should be devoid of Dark Matter
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Bournaud et al. (2007) Science, 316, 1166




NGC 5291LN NGC 52918 NGC 529 LSW
no EFE — 1=50 deg no EFE — 1=34 deg no EFE — 1=39 deg

Tidal dwarfs I
do show mass &' | | | |

discrepancies as 16 18 2 22 24 286
expected in MOND log (V, [km/s])
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Tidal dwarfs
don’t show mass
discrepancies as

expected in CDM
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| find your lack of faith disturbing.

You don’t know the
Power of the Dark Side

Can MOND explain large
scale structure!?

Can it provide a
satisfactory cosmology?

Can it be reconciled with
General Relativity?




Questions

® Don’t know answers




