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Laser cooling a polyatomic molecule

April 26 2017, by Bob Yirka
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Schematic of the experimental apparatus (not to scale). Credit:
arXiv:1609.02254 [physics.atom-ph]

(Phys.org)—A team of researchers at Harvard University has
successfully cooled a three-atom molecule down to near absolute zero
for the first time. In their paper published in Physical Review Letters, the
team describes how they achieved the feat and suggest that their
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technique could be modified to allow for cooling molecules with even
more atoms.

For many years, scientists have been laser cooling atoms down to near
absolute zero as part of research into understanding how atoms
work—the cooler temperatures slow things down, allowing for a better
look. In such work, atoms are cooled due to scattering of photons, which
serves to transfer momentum—electron bonds are forced to release the
photons, causing the atoms to nearly cease moving. Doing the same has
been harder for molecules because of their more complicated structure,
1.e., their vibrational and rotational degrees of freedom.

A specific type of laser cooling of molecules called Sisyphus cooling
involves creating a wave of laser light that causes the molecule to emit
into a magnetic state without interaction with the laser—another smaller
magnetic field is then used to bring the molecule back to its initial state.
The process repeats with each step causing a loss of kinetic energy which
causes the molecule to grow cooler and cooler. In this new effort, the
researchers used this technique (magnetically assisted Sisyphus laser
cooling) to cool a molecule with three atoms down to very near absolute
ZEero.

The molecule (strontium monohydroxide—SrOH) was chosen due to its
unique properties—it contains an electron that does not participate very
strongly in bonding—which the team notes, made it an ideal candidate. It
also suggests, the team further notes, that other molecules with like
properties could work, as well—even some with more atoms. They
suggest the technique might work with molecules that have as many as
15 atoms, and it could also be used as part of the basis for a quantum
computer because it allows for changing a molecular state with
precision. It might also prove useful in chemistry, as well, they note,
because it could cause reactions to slow down, allowing for better
observation, giving a far better level of detail.
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https://phys.org/tags/laser+cooling/
https://phys.org/tags/atoms/
https://phys.org/tags/absolute+zero/
https://phys.org/tags/laser/
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More information: Ivan Kozyryev et al. Sisyphus Laser Cooling of a
Polyatomic Molecule, Physical Review Letters (2017). DOL:
10.1103/PhysRevl .ett.118.173201 , On Arxiv: arxiv.org/abs/1609.02254

Abstract

We perform magnetically-assisted Sisyphus laser cooling of the
triatomic free radical strontium monohydroxide (SrOH). This is
achieved with principal optical cycling in the rotationally closed P(N"=1)
branch of either the X~22+(000)«>A~2I11/2(000) or the
X~22+(000)B~22+(000) vibronic transitions. Molecules lost into the
excited vibrational states during the cooling process are repumped back
through the B~(000) state for both the (100) level of the Sr-O stretching
mode and the (0200) level of the bending mode. The transverse
temperature of a STOH molecular beam is reduced in one dimension by
two orders of magnitude to ~700 uK. This approach opens a path
towards creating a variety of ultracold polyatomic molecules, including
much larger ones, by means of direct laser cooling.
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