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Mission Overview Current Investigation

ISS Utilization CAL Science Observations Launch and Installation Development of Ground CAL Ground Test Bed
« CAL is a multi-user ultra-cold atom facility that will enable « Study ultra-cold quantum gases in the Delivered to NASA JSC in December 2015 April 2016 Launch in a pressurized cargo vehicle Testbed Laser Cooling Lab model assembled, including 2D MOT source and 3D MOT
research in a temperature regime and force free microgravity of the International Space ' : K — ' Facility at JPL _
environment that is inaccessible to terrestrial laboratories Station . COTS hard ; " Atom chip
» Due to gravity, laser cooling experiments on Earth are » Study dual species degenerate gases, both dZ://ZIrc?gr?]Znt and reasrul\t,\éare or rapl y
typically limited to short observation times and Bose-Bose and Bose-Fermi in microgravity p _
temperatures that only begin to explore the wave nature - Study 87Rb, 4'K and 4°K , and interactions * Evaluation of various laser
o ‘ : : A technologies (ECDL, DBR, DFB) and
between mixtures with residual kinetic ) )
: . : : . 48 : : fiber coupling schemes
* In the microgravity environment 20 sec interaction times energy below 100 pK with free expansion .
and 1 picokelvin temperatures are achievable, unlocking times greater than 5 seconds » Characterization system performance
the potential to observe new quantum phenomena + Study the properties of quantum gases ancll de.pendenmes. -
« Facility designed for use by multiple investigators and be loaded into optical lattices; in the presence * Validation and verification of
upgradable/maintainable on orbit of external magnetic fields tuned near Instrument requirements
- Investigation scientists selected by NASA as part of a interspecies or single-species Feshbach * Test subsystem hardware and
competitive NRA resonances components
« CAL will be a pathfinder experiment for future quantum » Demonstration of Delta-Kick Cooling and * Serve as ground based experiment
sensors based on laser cooled atoms Evaporative Cooling in a space environment - A Y Y oY during mission operations
* Launch Readiness December 202 SRl SIEESE . installation into EXPRESS Rack with parm— Magneto-Optical-Trap Measurements
Orblt ISS Utlllzatlon Sequence Control Operation from JPL MOTIoadmgwnthAMDactlvevsmactlve 6/3/13 MOT lifetime with AMD active/inactive 6-3-13

0.9x10® atoms/sec
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Laser COOling Formation of the Ultra-Cold Quantum Gas: The Bose Einstein Condensate (BEC)

Atom Cooling Stages: 2D MOT Source Collect 3D MOT Transfer to Magnetic Trap Evaporative Cooling Condensate Formation
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» Compound silicon and glass 21 | » Counter-propagating light beams form an interference pattern %mrrt\ermg al’?
substrate technology enables both 1t | « Cold atoms are trapped at intensity maxima EUIS ?[m -
magnetic and optical control of L\ Y\ (for light tuned to the red side of resonance or minima for light SR =
ultra-cold atoms. tuned to the blue side of resonance) [0

* On-window wires enable ﬂ LT - Atoms on a single site interact with one another and tunnel to Mechanical [- N\
simultaneous magnetic trapping 1 W L neighboring sites Structure [ N\
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and optical manipulation. Bipods
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» Leverage COTS hardware and software for rapid development
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