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Outline:

1.) Astronomy and
Astrophysics
2.) Experiments in the laboratory



Hamlet Actl,
sceneb

The are more things in heaven and earth,
Horatio,
Than are dreamt of in your philosophy



anno 1632

Galilei, Galileo:

Dialogo sopra | due massimi sistemi del mondo
Dialog about the two main world systems

Dlalog dber die beiden hauptsachlichsten
Weltsysteme

Auanor o ABYX BaXXHEHLUUX MUPOBLIX CUCTEMAX



Q: how much matter there is in the Universe???

faly wiveing hargony

Table 1. {1 by ‘neilesd”.
walt ) Tl YL CMBOWHS AI00°

e 00021 0038 0021 002 00K D00 000
o (LW LGNS (LO00DH D005 00CT 0.000 1 0000

“Amnbms Ho =72 ks~ AL
Teompdlation of Walker «f of. [1991).
“WALL-only ACDAL fit Ao A websile
UMD witlout CIAL e XMeGangh (2061,

BBN successfully describing light
element abundances in the (BUT!!I
universe
all but H
missing baryon problem
Fukuaita Peebles 1988



XMM Newton
ESA X-RAY
Satellite

observing
missing
baryon fraction
solved??

also spectral lines from intergalactic clouds



virial law
E(kin)=- 1/2E(pot)

sehnren Erl.'-i.i.rgu:

Helvetlca Physu:a Acta
1933




Newlbon NMOND
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MOND works:
however
needs
Neutrinos with mass
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Vera Rubin 1970, with K. Ford

Rotation curves a general
phenomenon

Andromeda M31

i e tatalion curve® = 120arcmin, aparposed on the M3
R i 'mrl:LL':nrJ'lL-Jh::d by fiicmgles, 0 < r< 150 arendi. Re
b b s bt e i DT v el e TRAS S FEES |iﬂntl]'!-' with radivg



Spiral Galaxies

Rotation Yekocity knn per sec

R kpo

Flgure 4 Rotatlon curves of spiral gulaxics obleined by com-
bining €O duts for the central regloms. opdical for dixks. and HI
for outer disk und halo (Sofue el al. 19%%94),



HCC 1880 UGC 2859
(1

| - dwarf spheroidals

FIGLURE . Eolation curves for tawvo b surfac: brightness, gas-deminated galacies (éata from 53] Tope: Three-
rarameter datk-matier bale fits (solid curve). The meatson carve of the siellar (dasaed line), gas (dottad line), ard dark-
hala |dash-dctted Lined components are alsy shown, The fitting paramedzrs are the ML ratio of the disk. the halo core
radms, and the halo asymptotic vzlocry. Bettom: the same rotaion curves as hefore, fibed wihothe MOMNIF presonplion.
Thi dotted line shows the anespirmmeter (L) fit, while the solid line shaw the sveepammeter (8L and distance) fin.
Far UC2I53 the two lines coincide. The impariart thing here is that these galaxies are gas domiraled so that ML
hecamees drrelevant and the 0 ha: o Thee prmmeers at all. Vebelles i ks and dis@nces 11 kpe.
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Scarpa, Gilmozzi, et al. 2006,
globular clusters



In the solar system??

at least two dramatic effects

a: “Pioneer” anamoly

b: “fly by” effect

again seem to be ruled by
a(0) about cH!!



Newtons law
F(grav)=GmM/r2

rules all bound systems in the universe

a. change M, by introducing

b: change acc(::em%y Introducing a(0) at very

small accel. a MOND
actually, a(0) is about cH

c. adding an Yukawa like term at
very small distance

d: consider G to be time dependent



“MOND”
Milgrom 1983
nonrelativistic

“TeVeS”
Bekenstein 2004
relativistic extension

Proposals, to change
Newtons Law



Thus, it is my personal opinion — and | am the only one
responsible for it if proved wrong-- that if Newtonian
dynamics fails below a0, this should be true irrespectively
of the total field and one should be able to observe MOND
effect also here on earth. For instance, | think a refined
version of the Cavendish experiment studying
gravitational forces in the horizontal plane should detect
MOND effects.

R. Scarpa 2006



Laboratory experiments
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Figure 1. Schematic view of the experimental set-up with the
Fabry-Pérot resonator and the two fieldmasses.

thesis work by
Schurr, Walesh, Schumacher,
Kleinevoss
1992 - 2002
with H. Piel
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Gewlnde

Gewinde-Halterung

Zerodur-Platte

/

Drahtfihrungen

Spiegel

Magnetbremsen
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recent “G” results 2006
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Earthquake signal in GRAVI

Resonanzfrequenz
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Gaussian,
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“Gravi” at DESY works!!! (18.6.2008)
127Hz in 22GHz (1/10 nm)
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Goals with “GRAVI" at DESY

a. measurements in the
MOND region
b: accurate determination
of big “G”



Aby — Abyy

blue line prefered by
astrophysmal considerations
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fascinating times
testing
GRAVITY
In the lab

| ike to thank DESY
for unbureaucratic
support



