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Why Extra Dimensions?

e Combine GR and QM

e Where does the Planck Scale fit?

e String Theory, M-theory....suggest presence of
extra spatial dimensions



How can we look for them?

 Particle Accelerators

— Look for ‘missing’ energy

* Look for deviations from Newtonian gravity

— More on this later

* Observations of astro-physical phenomena

— Observe effects of extremely high energy



Gravity Deviations-PPN Formalism

* GR gives specific values for parameters
 We can test (or set bounds for) these values

Parameter Bound Effects Experiment

v-1 23x10° 3 Time delay, Light deflection Cassini tracking

B-1  23x10" % Nordivedt effect, Perinelion shift Nordtvedt effect

E 0.001 Earth tides Gravimeter data

(ll 10 s Orbit polarization Lunar laser ranging

(12 4x10° 7 Spin precession Sun axis' alignment with ecliptic
oy 4x10 20 selit-acceleration Pulsar spin-down statistics

g, 0.02 - Combined PPN bounds

';2 4x10° 51 Binary pulsar acceleration PSR 1913+16

:3 10° 5 Newton's 3rd law Lunar acceleration

t 4 0.006%+ - Kreuzer experiment

T Will, C.M., Is momentum conserved? A test in the binary system PSR 1913 + 16, Astrophysical Journal, Part 2 - Letters (ISSN 0004-637X), vol. 393, no. 2, July 10, 1992, p. L59-L61. g



Two cool experiments

* Gravity Probe B (GPB)
— Decades of preparation
— Launched 2004
— Data analysis ongoing

e APOLLO
— Launched 2005

— Experiment ongoing




GPB— Motivations/background theory

o Wbl it asn
ottt tan setrsli, s Valiioie G linde

wesforflod Pue.. iv yillcasn 73,
Atason Aloicny iy
Y A7, ;

s T
Leperiion avtaoelde..
2 . 2

R/ .
Tiadtygbarid on [ divan

Frame-dragging

&R g0
§15, Bpbtnyison Howmibln:salis e bedino i bine e ol

Bhooogiuils- ucingaesaky.
bidLommnyonn. 4

lnay das 1oy

Losponsannalioe, st o foly

r}'v,‘/‘?(‘.l, } =0

. TaTt.

Suteftse Saa LeHioelFal
2B prnisietied ai e, Anasy
b Ledueid raos

(1)

Liw LagrimyBan

ol L

(7] dlan Glaniatinngn &2 /2;
Houds Fotrtivn Hin ‘l“-"“" 7

—in

77777
$H - T8 f," - g}"'/_"dJ'/"f / / /
s=TATAS w200 0 7T2)
Wiias iat aben
_07"'/": ) ._l_.lrb...jul,;

Ve ouer diae dasidins Ly b

R T2 ’J-c)/‘

Ix, dJuy

ST

ksl

rade Glasal A
R R

i L £
B et




GPB — experimental setup

Experiment
g

testing Einstein’s Universe

Frame-dragging Effect

0.041 WW
(0.000011 degrees/year)

Guide Star
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(HR 8703)

Geodetic Effect
6.6 arcseconds/year
(0.0018 degrees/year)



Orientatiom (arc sec)

GPB — Some Results

Gyrescope Spin Axis Orientation Perpendicular te Orbital Plane

Gyroscope Spin Axis Orientation in Orbital Plane

Frame-dragging
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— Expected: -6571 +/- 1mas/year
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— Not so clear “Our latest data analysis indicates clear observation of frame-

dragging. The statistical uncertainty is 14%

(~5 marcs/yr)”-GPB website claim.
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APOLLO — motivations/theory

Lunar Laser Ranging — Strong Equiv Principle
Look to how Earth and Moon fall towards Sun.
Nordtvedt Effect

Existing LLR Data show no SEP violation at
5mm range, APOLLO will probe deeper



APOLLO — experimental setup

* Astronauts have deployed corner reflectors.

moon

1. Outbound pulses start out 3.5 meters in diameter, 2 cm thick

2. Atmosphere causes beam to diverge by one arcsecond or more

3. At the moon, 1 arcsecond is 1.8 km, so beam at moon is about 2 km across

4. Only about 1 in 30 million photons in this 2 km beam hit the suitcase—sized reflector

5. Each outgeing laser pulse contains 300 quadrillion photens
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6. Returning beam expands due to corner—cube diffraction

7. Returning beam divergence is about 8 arcseconds

8. Return beam footprint on earth is about 15 km across

9. About 1 in 30 million of the returning photons hit 3.5 m mirror

10. APOLLO launches 20 pulses per second
11. The round—trip time is about 2.5 seconds
12. There are about 50 pulses en—route at any moment in time




photon count

APOLLO — Progress
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Now - .17 ns range
corresponds to 1 inch. Good

progress, still working out the
kinks.

Later — accuracies to +/- 1 mm



Wrap up/where’s it going

* Apollo, and other experiments ongoing (Eot
Wash) testing gravity.

 LHC probe higher energy regimes

— Continue to put bounds on spatial dimension sizes



Bibliography

Keiser M., Presentation: Gravity Probe B: Data Analysis Challenges, Insights, and Results,
April 15, 2007

Murphy et al. Testing Gravity via Next-Generation Lunar Laser-Ranging, Nuclear Physics B,
2004

Battat, J. Testing Gravity with APOLLO Apache Point Observatory Lunar Laser-Ranging
Operation, 2004

http://einstein.stanford.edu/index.html

http://www.physics.ucsd.edu/~tmurphy/apollo/

Glorious, infallible, Wikipedia.



