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• String Theory is:

• A theory of Everything?

• A theory of Quantum Gravity?

• A theory good for Nothing?

too many assumptions; everything seems possible!

provides the needed fundamental theory for cosmology?  
yet to make contact with observation.

spectacular success in mathematics over the past decade.  
no experimental support whatsoever...  



Pauli would have said, “It is not even WRONG!”

Breaking the “symmetry” between right and wrong... 

Getting in touch with data is very rewarding by itself!



The Missing Mass Problem:
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What Newton says: 

What Nature does:

Young and bright stars in a spiral galaxy lie on a thin stellar disk.  
They execute circular orbits around the center of the galaxy. 
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lowed up. This approach also made it possible to use the
Hubble Space Telescope for follow-up light-curve observa-
tions, because we could specify in advance the one-square-
degree patch of sky in which our wide-field imager would
find its catch of supernovae. Such specificity is a require-
ment for advance scheduling of the HST. By now, the
Berkeley team, had grown to include some dozen collabo-
rators around the world, and was called Supernova Cos-
mology Project (SCP). 

A community effort
Meanwhile, the whole supernova community was making
progress with the understanding of relatively nearby su-
pernovae. Mario Hamuy and coworkers at Cerro Tololo
took a major step forward by finding and studying many
nearby (low-redshift) type Ia supernovae.7 The resulting
beautiful data set of 38 supernova light curves (some
shown in figure 1) made it possible to check and improve
on the results of Branch and Phillips, showing  that type
Ia peak brightness could be standardized.6,7

The new supernovae-on-demand techniques that per-
mitted systematic study of distant supernovae and the im-
proved understanding of brightness variations among
nearby type Ia’s spurred the community to redouble its ef-
forts. A second collaboration, called the High-Z Supernova
Search and led by Brian Schmidt of Australia’s Mount
Stromlo Observatory, was formed at the end of 1994. The
team includes many veteran supernova experts. The two
rival teams raced each other over the next few years—oc-
casionally covering for each other with observations when
one of us had bad weather—as we all worked feverishly to
find and study the guaranteed on-demand batches of 
supernovae.

At the beginning of 1997, the SCP team presented the
results for our first seven high-redshift supernovae.8 These
first results demonstrated the cosmological analysis tech-
niques from beginning to end. They were suggestive of an
expansion slowing down at about the rate expected for the
simplest inflationary Big Bang models, but with error bars
still too large to permit definite conclusions.

By the end of the year, the error bars began to tighten,
as both groups now submitted papers with a few more su-
pernovae, showing evidence for much less than the ex-
pected slowing of the cosmic expansion.9–11 This was be-
ginning to be a problem for the simplest inflationary
models with a universe dominated by its mass content.

Finally, at the beginning of 1998, the two groups pre-
sented the results shown in figure 3.12,13

What’s wrong with faint supernovae? 
The faintness—or distance—of the high-redshift super-
novae in figure 3 was a dramatic surprise. In the simplest
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Exploding White Dwarfs

Aplausible, though unconfirmed, scenario would explain
how all type Ia supernovae come to be so much alike,

given the varied range of stars they start from. A lightweight
star like the Sun uses up its nuclear fuel in 5 or 10 billion
years. It then shrinks to an Earth-sized ember, a white dwarf,
with its mass (mostly carbon and oxygen) supported against
further collapse by electron degeneracy pressure. Then it
begins to quietly fade away.

But the story can have a more dramatic finale if the white
dwarf is in a close binary orbit with a large star that is still
actively burning its nuclear fuel. If conditions of proximity
and relative mass are right, there will be a steady stream of
material from the active star slowly accreting onto the white
dwarf. Over millions of years, the dwarf’s mass builds up
until it reaches the critical mass (near the Chandrasekhar
limit, about 1.4 solar masses) that triggers a runaway ther-
monuclear explosion—a type Ia supernova.

This slow, relentless approach to a sudden cataclysmic
conclusion at a characteristic mass erases most of the orig-
inal differences among the progenitor stars. Thus the light
curves (see figure 1) and spectra of all type Ia supernovae
are remarkably similar. The differences we do occasionally
see presumably reflect variations on the common theme—
including differences, from one progenitor star to the next,
of accretion and rotation rates, or different carbon-to-oxy-
gen ratios.

Figure 3. Observed magnitude
versus redshift is plotted for

well-measures distant12,13 and
(in the inset) nearby7 type Ia su-
pernovae. For clarity, measure-
ments at the same redshift are

combined. At redshifts beyond
z = 0.1 (distances greater than
about 109 light-years), the cos-

mological predictions (indi-
cated by the curves) begin to

diverge, depending on the as-
sumed cosmic densities of

mass and vacuum energy. The
red curves represent models

with zero vacuum energy and
mass densities ranging from the
critical density rc down to zero
(an empty cosmos). The best fit

(blue line) assumes a mass 
density of about rc /3 plus a

vacuum energy density twice
that large—implying an accel-

erating cosmic expansion.
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Dark Energy:

DM & DE are the two main roadblocks on our path to a 
comprehensive fundamental theory of Nature.



• Dark Matter:                     

• baryonic or non-baryonic;

• well-founded or exotic;

• MOND: modification of Newtonian dynamics at 
large scale;

• existent fields/long range force from String Theory; 
exploit their low energy implications.



point particle and gauge field:
∫

B · dS H = dB
∫

A · dX F = dA

string and its gauge potential: 

TIMEparticle worldline

string worldsheet

If strings are indeed fundamental objects, then
  will play a role as fundamental as     does.  Bµν Aµ



• plane-polarized gravitational fields:

centre of mass of the closed 
string follows the geodesic:

u = u0 + Hp+ τ

a = −λ + ρ e+iHp+τ

ā = −λ̄ + ρ̄ e−iHp+τ

“gravi-magnetic field”



• If matter is indeed made of strings, they will all be 
charged under this “gravi-magnetic” field.

• In the presence of such background field,  galaxies will 
execute Landau orbits.  

• provides the extra centripetal force, which would 
otherwise be attributed to extra mass:

m v
2

r
= QHzv +

GN Mm

r2

In a leap of faith...

extra mass        Dark Matter



• Van Der Kruit & Searle’s Formula:

• introduce three parameters:      ,    , and     .

• data:  http://www.astro.umontreal.ca/fantomm/sings/index.htm                                                          

Parametric Modeling of the Mass Distribution

for the visible stellar disk and spheroid.

where         is dimensionless.       Ẽ(r̃)

ρ(r, z) = ρ0 exp(− r

Rd
)sech2( 6z

Rd
)

Ω ρ Rd

v2 = Robs Ω v + Robs ρẼ(r̃)
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NGC 0628

L = 1.29, Rd = 29.67, ρ = 847.01, Ω = 0.39
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NGC 0925

L = 2.52, Rd = 285.68, ρ = 128.63, Ω = 0, 00
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NGC 2403

L = 4.19, Rd = 31.19, ρ = 142.06, Ω = 0.22
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NGC 3521

L = 0.51, Rd = 26.67, ρ = 2197.00, Ω = 0.33
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Galaxy Likelihood Rd rho Omega

ngc0628 1.29 29.67 847.01 0.39

ngc0925 2.52 285.68 128.63 0.00

ngc2403 4.19 31.19 142.06 0.22

ngc3031 0.07 8.47 41.92 0.00

ngc3184 0.36 69.54 327.88 0.18

ngc3198 0.27 60.41 408.20 0.11

ngc3521 0.51 26.67 2197.00 0.33

ngc4236 0.32 350.00 6.01 0.12

ngc4321 2.00 27.37 1360.15 0.60

ngc4536 0.73 45.90 551.03 0.19

ngc4569 0.63 16.78 789.54 1.01

ngc4579 0.50 43.88 2171.41 0.00

ngc5055 3.16 30.59 1914.81 0.21

ngc5194 0.60 24.35 507.39 0.15

ngc5713 2.72 20.00 454.78 0.00

ngc6946 5.75 56.81 293.73 0.23



GNewton = 4.32 × 10−6(
km

s
)2kpc/Msun

Galaxy Rd rho Mass (M sun)2

ngc0628 29.67 847.01 4.19E+11

ngc0925 285.68 128.63 5.90E+12

ngc2403 31.19 142.06 7.77E+10

ngc3031 8.47 41.92 1.69E+9

ngc3184 69.54 327.88 8.91E+11

ngc3198 60.41 408.20 8.37E+11

ngc3521 26.67 2197.00 8.78E+11

ngc4236 350.00 6.01 4.13E+11

ngc4321 27.37 1360.15 5.72E+11

ngc4536 45.90 551.03 6.52E+11

ngc4569 16.78 789.54 1.24E+11

ngc4579 43.88 2171.41 2.35E+12

ngc5055 30.59 1914.81 1.01E+12

ngc5194 24.35 507.39 1.69E+11

ngc5713 20.00 454.78 1.02E+11

ngc6946 56.81 293.73 5.32E+11

ρ(r, z) = ρ0 exp(− r

Rd
)sech2( 6z

Rd
)
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Table 2. Parameters of best fits to HI surface brightness.

Galaxy Σ0 Rd β Rc log(MHI)

M!pc−2 h−1
70 kpc h−1

70 kpc h−2
70 M!

(1) (2) (3) (4) (5) (6)

F563-1 8.59 10.63 0.20 26.37 9.644

F568-1 4.55 1.97 3.43 16.98 9.674

F568-3 11.52 3.46 1.78 19.45 9.524

F568-V1 11.55 5.24 1.39 15.91 9.464

F574-1 2.16 3.13 3.51 18.71 9.649

F583-1 9.38 2.77 2.09 16.18 9.401

NGC 247 4.24 0.56 7.89 8.63 8.912

DDO 154 14.38 1.53 0.52 6.17 8.383

NGC 3109 8.28 3.08 0.32 12.92 8.713

Note. — Column (1) lists the name of the galaxy. Columns (2) through (5) list the best fitting

parameters for the HI surface density, and column (6) lists the corresponding HI mass.

 Frank C. van den Bosch et al, astro-ph/9911372
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Table 3. Parameters of fits to rotation curves.

Galaxy Model α c V200 ΥB fbar

(1) (2) (3) (4) (5) (6) (7)

F563-1 BF 2.00 5.2 73.5 0.0 0.039

F568-1 BF 1.97 5.8 64.0 6.2 0.369

F568-3 BF 1.18 3.4 127.7 0.5 0.010

F568-V1 BF 0.47 15.6 91.6 0.9 0.023

F574-1 BF 0.26 8.6 118.3 1.0 0.018

a 1.30 8.6 76.4 1.0 0.067

b 0.26 8.6 55.7 6.0 0.537

c 0.80 2.0 278.8 1.0 0.001

F583-1 BF 0.00 20.6 65.7 0.0 0.035

NGC 247 BF 1.02 7.2 93.1 1.0 0.011

DDO 154 BF 0.00 14.7 44.0 0.0 0.011

NGC 3109 BF 0.00 10.2 101.6 0.0 0.002

Note. — Column (1) lists the name of the galaxy. Columns (2) lists the ID of the model, with

‘BF’ indicating the best-fit model (i.e., the one that minimizes χ2
vel). For F574-1 three additional

models are listed (a, b, and c) all of which fall within the 68.3 confidence level of the BF-model

(see contour plots in Figure 4). Columns (3) through (5) list parameters of the model: c, ΥB

(in h70 M!/ L!), and V200 (in km s−1). Finally, column (7) gives the resulting baryon fraction

fbar = (Mgas + Mstars)/M200



Comments:

• only 3 parameters vs the usual 8

• masses of the galaxies obtained

• cross-check with photometric method

• effective field theory...

In progress

In progress

I have pushed the limits of the model...



Perhaps a happy ending:

• Theoretically well-motivated, (very ordinary) 
Dark Matters: 

• black holes

• small stars (not burning hydrogen)

• A little bit of String Gauge Fields

in a happy union!



fin



Thank You!


