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STEP Requirements
Mission Objective — Robust 10 EP Experiment

damental Science Requirements

appropriately chosen test-mass pairs
ial disturbances < 2 x®@
4 x £8g in 20 orbits

g in 20-orbit bw @ roll frequency




D FC Reference accelerometer Systematic component at signal frequency An example error analySIS
Disturbance misect? Comment - P Worden

SEUID noise (R=T4 =S [N N — acceleration equivalent to intrinsic noise
SOUID termp. drift 95gE-19 | regulation of SQUID carriers
Thermal expansion a16E-19 | gradient along DAL structure
Differential Thermal expansion 507E-23 Fadial gradient in DAC structure
Myguist Maoise 523E-19 | Rz acceleration equivalent
(Gas Streaming 1.09e-19 | O decaying Gas flow, outgassing
Radiometer Effect gase-19 | T gradient along DAC structure
Thermal radiation an mass 1.86E-22 Hadiation pressure, gradient
Yar. Discharge uv light 3.48E-19 | unstable source, opposite angles on masses
Earth field leakage to SQLID 5.34E-19 | estimate for signal frequency component
Earth Field force 4 16E-22 estimate for signal frequency component
Fenetration depth change 33820 | longitudinal gradient
Electric Charge 522E-20 | I Aszsumptions about rate
Electric Potential 116618 | variations in measurement voltage
sense voltage offzet 238619 | O bias offset
Orag free residual in diff. Mode 39120 | 0 estimated fram squid noise
Yiscous coupling 1.64E-23 gas drag +damping
Cosmic ray momentum 3.30E-21 mostly directed downward
Proton radiation momentum G.O3E-19 | unidirectional, dowward
dynamic Ch offset ga7E-19 | wibration about setpaint, converted
static CM offzet limit 1.86E-21 A0 saturation by 2nd harmonic gg
Trapped flux drift acceleration 7 a7E-23 actual force fram Internal field stahility
Trapped flux changes in squid 712820 | apparent motion fram internal field stability
=G gradient + Ch offset A.79E-33 gravity gradient coupling to DFC residual of Z/C
rotation stahbility 719E-20 | 0 centrifugal force variation + offset from axis
Eccentricity subharmaonic. g17g-20 | real part at signal frequency
Helium Tide 7.00E-19 | Fixed Placehalder
position sensar gap, mm 1.00 00000 Orbit height
common mode period 1466 00086 Sensar current, A
differential mode period 1131 1BE11 CM distance, m
=C rotation per orbit 2.70EHID

Total error 9.21E-18 RMS error ZI0E-18 mizect




- N. Lockerbie

gravity source
e.d., in M2 STER, a helium bubble

\R test-masses

(inner mass — outer mass), ppm

quadrupole hexadecapole 64-pole 256-pole  1024-pole
Quter mass -0.034 -0.009 0.028 -4.250 -0.450
Inner mass 0.025 0.005 0.031 -0.001 -0.000

Ad, =477 @ R =250 mm

a




Be (1.84), 517 g

@ Nb (8.57), 2409 g

Pt/Ir (21.68), 678 g

@ Be (1.84), 517 g

Nb (8.57), 268 g

e.g. outer mass
has a different

@ BiEpe Be (1.84)

PY/Ir (21.68), 678 g




Test Mass Manufacture and Metrology
- F. Loffler

Requirements: Flow from science objective, gravity gradient disturbances

mass lead: Nick Lockerbie, Strathclyde
and coating:  Frank Loffler, PTB
erification:  Nick Lockerbie, Strathclyde
Clive Speake, Birmingham

ed.
pes built — can achieve sub-um accuracy at PTB
al expansion homogeneity confirmed

Device






Quartz Manufactured by Axsys Technologies
Inner Accelerometer Components




Magnetic Bearings
[SUPERCONDUCTING CIRCUITS ON CYLINDERS]

« UV Laser Patterning System

— Sub-micron Resolution on Qutside
Surface

— Micron Resolution on Inside Surface

Superconducting Circuits on
Machined Fused QUARTZ

— No Polishing Required

T S ]
] [ TN

H
.
g
*

o
L 4
L g

o
=

I
~

critical current (A)

o
)

REQUIREMENT

o
o

0.1 0.2 0.3 0.4 0.5 0.6 0.7

rms roughness (micron)




SQUID and EPS DISPLACEMENT SENSORS

Sensor Coll

Capacitance Sensor

- M. Rodrigues




Drag Free Control

s Proportional Thrusters
rom EPS and SQUID position sensaaput




Drag Free Control Algorithms

ontrol Algorithms are based on numerousestaahd reviews of STEP
-B missions

simulation and control law modeVelopment has been
under DLR support and is aoocensultation with Prof.

f. Eveline Gottzeinft§ant and Astrium (Otterbrun)
rag free controUr&qnents will be met with
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Mission Design Overview

Main Mission Design Features
e Sun synchronous Orbit (1I=97

o Altitude: 550 Km

e Eccentricity < 2%

« Mass: 819 kg

 Power: 301 W _
* Rockot Launch Vehicle; from Plesetsk, Russg %:&;
* Operational life: 10 months

« Data Analysis: 6 months concurrent with
operation, 12 months after completion.
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~Mission Timeline
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STEP SMEX Scientific Implementation Evaluation
jor Strengths

e STEP instrument, which is desighed to meet the science
has a long history and has received repeated scrutiny
ent is cryogenic, providing many advantages.

S are mitigated by appropriate operation of the

t can be built with technologies

dress the science goals and, with
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Ide the necessary data




GAUGE

GrAnd Unification and Gravity.
Explorer

/- J Sumner, Imperial College: London
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GAUGE (GrAnd Unification and Gravity Explorer) is a proposal to the Cosmic
Visions programme at ESA. The proposal is for a drag-free spacecraft
platform onto which is attached a number of modular experiments. The
possible complement of experiments is designed to address a number of
key issues at the interface between gravity and unification with the other
forces of nature. We include

A test of string-dilaton theories using a high precision macroscopic
equivalence principle experiment

A test of the effect of quantum space-time fluctuations in a microscopic
equivalence principle experiment

A r—lz test at intermediate ranges
An axion-like mass-spin coupling search

Measurement of quantum decoherence from space-time fluctuations at the
Planck scale



