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NASA's research plans aboard the International Space Station (ISS) are discussed. 
Experiments in low temperature physics and atomic physics are planned to commence in 
late 2005. Experiments in gravitational physics are planned to begin in 2007. A low 
temperature microgravity physics facility is under development for the low temperature 
and gravitation experiments. The facility provides a 2 K environment for two instruments 
and an operational lifetime of 4.5 months. Each instrument will be capable of 
accomplishing a primary investigation and one or more guest investigations. Experiments 
on the first flight will study non-equilibrium phenomena near the superfluid 4He 
transition and measure scaling parameters near the 3He critical point. Experiments on the 
second flight will investigate boundary effects near the superfluid 4He transition and 
perform a red-shift test of Einstein's theory of general relativity. Follow-on flights of the 
facility will occur at 16 to 22-month intervals. The first couple of atomic physics 
experiments will take advantage of the free-fall environment to operate laser cooled 
atomic fountain clocks with 10 to 100 times better performance than any Earth based 
clock. These clocks will be used for experimental studies in General and Special 
Relativity. Flight defiiiiiiori experirneni siudies are underway by investigators studying 
Bose Einstein Condensates and use of atom interferometers as potential future flight 
candidates. 
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1 Past 
- Experiment Results using the Space Shuttle 

1 Present 
- Establishing a research program to make efficient use of the 

International Space Station 

1 Future 
- Research plans for the International Space Station 
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Five Research Campaigns: 

The Benefits: 

Fulfill the Innate Human Desire to 
Understand our Place in the Universe 

Build the Foundation for Tomorrow’s 
Breakthrough Technologies 

W John Lipa, USMP-I, STS-52 10/92 

1 Lambda-point still sharp at - InK 

Heat capacity exponent 
- a = -0 O I Z 8 5 i  0 00038 

- Agrees with RG theory 
- LPE error bar 15 times smaller 

W RG Scaling relation a = 2 - 3v 
- Agrees with v ground data 

_ _ I . .  . I I. L 

- Good agreement with functional form 
of DRG calculation 

W Technology demonstration 
- High resolution LT experiments can 

survive launch and operate in space 
- Heritage for current and future 

experiments 
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Confined Helium Experiment (CHeX) Results 

Phys Rev Lett, 84,4894 (2000) 
F '-- 

I 

John Lipa, USMP-4, STS 87 11/97 

Heat capacity measured of helium 
confined to 57 micron thick slabs 

Data agrees with RG theory 
predictions and Monte-Carlo 
estimates 

Data removes earlier indications of 
finite size scaling violation 
- Scaling behavior now confirmed over 

three orders of magnitude in size 

Surface specific beat exponents 
measured far from transition 
agrees with 0.658 predictions 
- as = 0.64 5 .05 below transition 
- as = 0.65 5 .2 above transition 
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96 NRA S Cliui Drooleb a f 3 H e  4He Mulurcs I 
96 NRA D l d c a b s  

9 6 N R A  D Lec 
9 6 N R A  I l q d  
9 6 N R A  R Prckard 

9 6 N R A  J Pdrpid 
9 6 N R A  P Roach 
9 6 N R A  P Tdborek 
00 NRA T Cliui 
00 NRA Lrsoe 
OONRA Y Llu 

00 NRA F Lliaiig 
00 NRA C Ahlcrs 
OONRA A B d b h  

00NRA D Ccpcrley 
00 NRA M Clian 

OONRA R Fcncll 
00 NRA H KOJW 

OONRA D L s d a u  

OONRA J Llpa 

00 NRA E Wanausakk 
0 0 N R A  H Maris 
00 NRA D O s h c r o l l  

Camcll University 
NASAAnics Researcli Centcr 
Univerriiy ofCaIiromh, h b , C  

Jet  Propulsion Laboratory 
Jet  Propulsion b b o i r t o r y  
Jet  Propiilsion Labomlory 

Turbidity niid Ueiucisality rioiiiid il Liquid-Gas Critical Pobil 

Fundamciiial Physics Studics orsupernuid Heliuni-3 
Mcasurbtg h e  Dklributiaii Functhii Moments ofSab-Correlltian 

00 NRA A Wiikiaon NASAGlcriri Rescarcll Ccntcr Lcnglli Critical Fluid Flucluatians 
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Y6NRA 1 Hall 

9 6 N R A  T Ho 
Y 6 N R A  R Hulel 

94 NRA J Jrvdnri ie i i  
96 NRA M Krscvk l i  

96 NRA W Kelterle 

Y6NRA W Pliillips 
~ N R A  H G O U W  

00 NRA D Heii ien 

ODNRA T Ha 
00  NRA L HoUberg 
00  NRA R HUICL 

00 NRA W Kctlerle 
00  NRA P Meyslre 

00 NRA W Nreaurne\ 

I I Gravitational and Relativistic Physics 
Ground Investigations (8) 
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FLIGHT RESEARCH NVESTIGATIONS 

PACE # P I  2 2 2 1 1 

FYOZ FY03 FY04 FY05 FY06 FY07 FYOB 

91 N R A #  P I  1 1 1 1 1 1 

94 N R A d  PI  I 1 1 1 1 1 
96  N R A #  PI  6 5 5 5 5 5 5 
00 N R A d  PI 5 5 5 5 4 4 2 
01 N R A #  PI  6 6 4 4 4 4 
02 N R A #  PI  
03 N R A #  PI  
04 N R A #  PI  
05 NRA #PI  

2 I 5 

3 3 2 2 
5 5 3 

3 3 
5 

GROUND RESEARCH NVESTIGATIONS 

96  N R A P I  15 
FY02 FY03 FY04 FY05 FY06 FY07 FY08 

100 NRA PI  37 35 28  I 
00 ITD P I  
01 N R A P I  
02 NRA PI  10 10 
03 N R A P I  2 8  28 28  2 8  
04 NRA PI  20 20 2 0  
05 NRA PI  20 20 
06 NRA PI 2 0  
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Low Temperature Microgravity Physics Facility (L TMPF, 

ISS cryogenic facility 
* Cold (.; 2 K) volume for 

* 5 months lifetime 
experiments 

Microgravity environment 
Environments monitored 
Multiple-experiments per flight 

Launched on the Space Shuttle 

Attached to the Japanese External 
Module Exposed Facility 

First launch planned November 
2005 

2 instruments conducting 4 
experiments 

Brouaht to Earth followina helium 
depletion to refurbish with new 
instruments for next flight - 22 months between launches 

d PIOPY,.,." i.bDIIIOFI U E I A U ~ Z O O Z C W S O Z P ~ ~ ~  1: -, IRII,IY(. d nihmIagy 

6 



LCAP is an emerging sub-discipline o f  NASA's 
fundamental physics program 

Exciting cutting-edge research area composed o f  top 
researchers in field (2 Nobel Laureates) 

Studies o f  atoms and simole molecules exdores link 
between fundamental physical laws and complexity o f  
nature 

Compelling space environment need 

- What is the origin of Life itself? 

- Confinement against gravity limits ground based research 
- New discoveries are certain 
- Different gravitational potential enables clock tests of Einstein's 

theories 

LCAP technisues are used for cutting edge research on 
bio-molecular and nano-scale systems 

A permanent ISS space clock will provide 100-fold 
improvement in time keeping and make available for 
aoolications on Earth ,. 
- 
- Muchimpro potential for profound societal impact 

Most cutting edge research are limited by frequency resolution 

erminable of all physical quantities. The unit of time IS 

*Clocks and timekeeping play a unique and pivotal role on everyday life of society, the 
government, commerce, and scientific research. 

.Tests of fundamental laws of physics 
* Deep space navigation and radio science experiments 
* VLBI, Astronomical observatories 

* Scientific Research 

Particle Detectors 
Government 

* DoD related activities including tracking and position information via GPS 
* Participation in the international realization of time (NIST, USNO) 
* Autonomous aircraft operation 

* Commerce 
Power Grids 
Transportation 

* Communication (Ground and Satellite) 

Societal 
* Satellite communication svstem are reachinq remote locations - GPS employed in search and rescue efforts: 
* GPS aided farming to pinpoint pesticide, fertilization, and water use 

JS, PiopMon b D / * D V  
Cml,iomlr ,h, , ,m* 0, ilinmiapy 
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I Fundamental Physics on the International Space Station 

A A A  

l Low Temperature Experiments under Development 

1 M I  Microgravity Scaling Theory Experiment (MISTE) M. Barmatz, JPL 
MI Critical Dynamics in Microgravity Experiment (DYNAMX) R. Duncan, UNM 

MI Guest Investigations Goodstein, CIT; Hahn, JPL 
M2 Boundary Effects on the Superfluid Transition (BEST) G. Ahlers, UCSB 

M2 Superconducting Microwave Oscillator (SUMO) J. Lipa, Stanford 
Gravitational Experiments under Development 

1 Other Experiments to be Selected from future NRAs 
M3 - Mn flown at - 16 -22 month intervals I 

ISS LCAP FLIGHT HARDWARE 

ser Cooling Experiments under Development 
lock Experiment (PARCS) 

Science Objectives 
To measure the gravitational red-shift and 
second order doppler shift by comparing 
clock frequency to a ground unit 
To test local position invariance by 
comparing clock frequency to a second 
clock of different composition 
To measure the anisotropy of the speed of 
light by comparing clock frequency to a 
second clock of different composition 
To improve the realization of the second 
tolO-’B accuracy. 
To make available improved time 
coordination for clocks on Earth 

* EXPRESS Rack mounted aboard the 
International Space Station - Multi-frequency high stability microwave 
link. 

* Optical link for time transfer 

* 

- 
Mission Description 

- Magneto Optical Trap (MOT) 
* Diode Lasers suitable for Rb 

High-stability Microwave link 
* High-stability Optical link 

Optical components 
* Non-magnetic, high-speed 

shutters 
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0 Advance atomic clock science and techniques to enable measurements with 
accuracy o f  1 part in  IOi7.  

8 Significantly improve the classic clock tests of general relativity. 
0 Distribute the highest accuracy time and frequency from the ISS. 

Technology 
* Aerogel technology 

* Superconducting magnet 
Silicon microstrip particle trackers 

technology 

Science Objectives 
* To increase our understanding of the 

composition and origin of the universe. 
* To study charged particles, including 

antimatter, outside the Earth’s atmosphere 
using their measured trajectories in a 
magnetic field. 

Mission Description 
* The 3.5 ton instrument will be launched on thc 

Space Shuttle and operated for 3 years as an 
attached payload on the International Space 
Station. 

Measurement Strategy 
* Time of flight counters are used to detect the 

approach of an incoming particle. 
* The particle path is determined by its charge 

as it traverses the magnetic field. - The Silicon microstrips measure the 
trajectory. 

* Veto counters are used to discriminate 
against secondary background particles. 

* The electronics is used to recognize 
interesting events and transmit the data to 
scientists on Earth. 
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Seven ground investigations selected from the 

NASA is asking the scientific community to 
justifL need for experimentation in space 

If space justification can be documented, NASA 
is interested to select flight experiments from 
future NRAs 

- The NASA/JPL Fundamental Physics Program has a heritage of 
successful experiments performed on the Space Shuttle 

- Using Space Shuttle heritage to develop research hardware for 

LTMPFand LCAP 

- Have built up a strong ground based research program from 
which to select future flight investigations 

- Have already selected many ISS investigations and are using 
their requirements to help define research hardware needs 

- Fundamental Physics has a bright future, once the ISS is fully 

assembled 

I O  




