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Goal: search for deviations from
Newton’s law at < |00 micron distance

® Only recently have tests gone below | mm.

® T[heoretical motivations: n=2 extra dimensions with
length ~100 microns

http://xxx.lanl.gov/abs/hep-ph/9803315 (Arkani-Hamed, Dimopoulos, Dvali)

GTRING THEORY GUMMAR IZED:

| JUST HAD AN AWESOME |IDEA.
SUPPOSE ALL MATTER AND ENERGY
IS MADE OF TINY VIBRATING STRINGS.

OKAY. WHAT wWouLD
THAT IMPLY?
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http://xxx.lanl.gov/abs/hep-ph/9803315
http://xxx.lanl.gov/abs/hep-ph/9803315

Force detection using cantilevers

® Use an oscillating mass signal
to excite a microcantiliver at
resonance.

Cantilever

Test Mass /
® Drive mass gives an AC mass
signal

Drive Mass

® (Gas-controlled rotor spins the
drive mass

® Cantilever motion measured
by a Fabry-Perot
interferometer

First Results:Weld et al.Phys.Rev.D77:062006,2008
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The drive mass |

® |00 radial trenches cut into a high density material (TeCu)
® Trenches are filled with thermally matched epoxy

® Stycast 2850 GT and FT

® Quter gold pattern is for the optical encoder - phase
measurement
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The drive mass 2 - planarization

Planarization process:
|.  Trenches are filled with thermally matched epoxy
2. Polished (leaves slight corrugation)

3. Layer of Stycast 1266 using an optical flat with
non-stick coating

4. Final layer of gold for encoder pattern and
isoelectronic circle

10
: Filled with non-matched epoxy

10

] Filled with matched epoxy, not planarized
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Optical encoder

Encoder Signal
® Views gold pattern (large, small, ”” ”” ' | Optical
Encoder
S PaC e) Interferometer Signal 4;3
® Allows measurement of frequency, .\
phase, direction of rotation, z . \ | Fiber

Fiber \ [Bundle
Interferometer

Lens—

‘ ' E "-' Cantilever — = = oh =

Test mass —

‘ Encoder Pattern ——— |

. Drive Mass Pattern —— NS
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The gas bearing

e Controlled by 4 He flows - T, B, CW, CCW
® A feedback loop controls the spinning rate
® Mass/cantilever distance can also be manipulated

® Exhaust has to go somewhere
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Feedback spin control

Encoder Signal

® Uses the optical — —_
encoder signal to — toronrsign @
precisely control the s
spin of the bearing — ——

4

PID Controller

® A PID loop controls the
CW and CCWV gas flow  sngou

4

e

rate ) gf::lstsnl:lll(;:vs ’—P Gas Flow to Bearing
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Cantilevers |

® Etched from 4 inch silicon wafers

® Thermal noise minimized by cooling to LHe temps

® k~ le-2 N/m, f~ 350 Hz (with mass)

Top Gas Inlet Cantilever Trench

/
/

Encoder Feedthru Mounting Hole Cryopump Trench Cantilevers
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Cantilevers 2

® Gold test mass
® 20 microgram

® Cantilever position is
measured with a fabry-
perot interferometer
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Interferometer '

Trench for Integrated
Cryopump

Reflection of Fiber-
Focusing Lens

Cantilever with
Attached Mass




Cantilever cryopump

Top Gas Inlet Cantilever Trench

—— Cantilever at 300 K I

® Must be in a vacuum

® Integr’ated Cryopump Efgquengn(nHz) BS0 700 7S50 800 850

— Cantleverat5K |
® \Works too well!

e Q=80,000@ 42K

550 600 630
Frequency (Hz)
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Must lower Q without effecting sensitivity.

SIGNAL
AMPLIFIER PHOTODIODE

® Feedback a phase-shifted signal back to q
the cantilever to mimic viscous damping

FIBER
COUPLER

® Uses exisiting optics in the experiment (issom
and radiation pressure (1550 nm laser)

REFERENCE
PHOTODIODE

® Can reduce Qeff and Teff ~ 20

< LENS
\\ [/

\\//
CANTILEVER \//

® Doesn’t affect force sensitivity

352 354 356
Frequency [Hz]
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Eliminating other forces

® Must minimize other forces, especially those that could act
at the same frequency as the gravity signal

Casimir Force - keep distances constant

Magnetlc f‘elds - use mu- metal shleldlng to
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Error Budget

Distance Value (um) Error (um)

Thickness of planarization epoxy 0.5 0.5
Thickness of gold shield layer on drive mass 0.4 0.1
Distance between rotor and wafer 10-20 2
Thickness of gold shield layer on wafer 0.4 0.1
Thickness of silicon nitride shield 0.2

Distance between shield and cantilever 0.1
Droop of cantilever

Thickness of cantilever

Cantilever-test mass separation

Total (for 15 pm rotor-wafer separation)
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Results

® Paramaterize with Newtonian + Yukawa potential:

® Null results are quoted by giving alpha and lamdba exclusion
limits.
= Attractive force limit

Repulsive force limit

= = = Thermal noise limit

Lamoreaux

Stanford '03

Stanford '05 - : -

A [meters]
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Experimental Upgrade

® A few simple improvements will greatly improve
the sensitivity

|. Moved to new lab, better seismic properties

2 No I|qU|d nltro en b01||n - new JeNaL e
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Fabry-Perot Interferometer

® |3]10 nm laser

® Fiber end and cantilever
makes a cavity "‘

® P~ | -V cos 411d/\ -

. Cantilever
— A
-~ Y

Appl. Phys. Lett. 55, (1989) Rugar et al.
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Problem - lead inclusions in
the drive mass (NA to TeCu DM)

® Macroscopic lead inclusions superconductedat T <9
K.

® Force has same period as gravity signal

® BoE calculations suggest that the force could be large
enough to be detected
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