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Why Extra Dimensions?

• Combine GR and QM

• Where does the Planck Scale fit?

• String Theory, M‐theory….suggest presence of
extra spa+al dimensions



How can we look for them?

• Par+cle Accelerators
– Look for ‘missing’ energy

• Look for devia+ons from Newtonian gravity
–More on this later

• Observa+ons of astro‐physical phenomena
– Observe effects of extremely high energy



Gravity Devia+ons‐PPN Formalism

• GR gives specific values for parameters

• We can test (or set bounds for) these values



Two cool experiments

• Gravity Probe B (GPB)
– Decades of prepara+on
– Launched 2004
– Data analysis ongoing

• APOLLO
– Launched 2005
– Experiment ongoing



GPB– Mo+va+ons/background theory



GPB – experimental setup



GPB – Some Results

• Geode+c
– Expected: ‐6571 +/‐ 1mas/year
– Measured: ‐6638 +/‐ 97 mas/year

• Frame‐dragging
– Not so clear “Our latest data analysis indicates clear observa+on of frame‐

dragging. The sta+s+cal uncertainty is 14%
(~5 marcs/yr)”‐GPB website claim.



APOLLO – mo+va+ons/theory

• Lunar Laser Ranging – Strong Equiv Principle

• Look to how Earth and Moon fall towards Sun.

• Nordtvedt Effect

• Exis+ng LLR Data show no SEP viola+on at
5mm range, APOLLO will probe deeper



APOLLO – experimental setup

• Astronauts have deployed corner reflectors.



APOLLO – Progress

Now ‐ .17 ns range
corresponds to 1 inch.  Good
progress, s+ll working out the
kinks.

Later – accuracies to +/‐ 1 mm



Wrap up/where’s it going

• Apollo, and other experiments ongoing (Eot
Wash) tes+ng gravity.

• LHC probe higher energy regimes
– Con+nue to put bounds on spa+al dimension sizes
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