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Quionee 21, 198 (1495)

Observation of Bose-Einstein Condensation
in a Dilute Atomic Vapor

M. H. Anderson, J. R. Ensher, M. R. Matthews, C. E. Wieman,*
E. A. Comnell

A Bose-Einstein condensate was produced in a vapor of rubidium-87 atoms that was
confined by magnetic fields and evaporatively cooled. The condensate fraction first
appeared near a temperature of 170 nanokelvin and a number density of 2.5 X 10'2 per
cubic centimeter and could be preserved for more than 15 seconds. Three primary
signatures of Bose-Einstein condensation were seen. (i) On top of a broad thermal velocity
distribution, a narrow peak appeared that was centered at zero velocity. (i) The fraction
of the atoms that were in this low-velocity peak increased abruptly as the sample tem-
perature was lowered. (jii) The peak exhibited a nonthermal, anisotropic velocity distri-
bution expected of the minimum-energy quantum state of the magnetic trap in contrast
to the isotropic, thermal velocity distribution observed in the broad uncondensed fraction.
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Fig. 1. Schematic of the apparatus. Six laser
beams intersect in a glass cell, creating a magne-
to-optical trap (MOT ). The cell is 2.5 cm square by
12 cm long, and the beams are 1.5 cm in diame-
ter. The coils generating the fixed quadrupole and
rotating transverse components of the TOP trap
magnetic fields are shown in green and blue, re-
spectively. The glass cell hangs down from a steel
chamber (not shown) containing a vacuum pump
and rubidium source. Also not shown are coils for
injecting the rf magnetic field for evaporation and
the additional laser beams for imaging and opti-
cally pumping the trapped atom sample.
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The Nobel Prize in Physics 1997 T

Photo from the Nobel Photo from the Nobel

Foundation archive. Foundation archive. Foundation archive.
Steven Chu Claude Cohen- William D. Phillips
Prize share: 1/3 Tannoudii Prize share: 1/3

Prize share: 1/3

The Nobel Prize in Physics 1997 was awarded jointly to Steven
Chu, Claude Cohen-Tannoudji and William D. Phillips "for
development of methods to cool and trap atoms with laser light."



The Nobel Prize in Physics 2018 X4
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© Arthur Ashkin © Nobel Media AB. Photo: A. © Nobel Media AB. Photo: A.
Ar-l-hur Ashkin MahmOUd N\ahmOUd
. Gérard Mourou Donna Strickland
Prize share: 1/2
Prize share: 1/4 Prize share: 1/4

The Nobel Prize in Physics 2018 was awarded "for groundbreaking
inventions in the field of laser physics" with one half to Arthur
Ashkin "for the optical tweezers and their application to biological
systems”, the other half jointly to Gérard Mourou and Donna
Strickland "for their method of generating high-intensity, ultra-
short optical pulses.”
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The Nobel Prize in Physics 2001
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Photo from the Nobel Photo from the Nobel Photo from the Nobel

Foundation archive. Foundation archive. Foundation archive.
Eric A. Cornell Wolfgang Ketterle  Carl E. Wieman
Prize share: 1/3 Prize share: 1/3 Prize share: 1/3

The Nobel Prize in Physics 2001 was awarded jointly to Eric A.
Cornell, Wolfgang Ketterle and Carl E. Wieman "for the
achievement of Bose-Einstein condensation in dilute gases of

alkali atoms, and for early fundamental studies of the properties
of the condensates."
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Observation of gaugeinvarianceina7l1-site
Bose-Hubbard quantum simulator

https://doi.org/101038/s41586-020-2910-8  Bing Yang"***2, Hul Sun'***, Robert Ott®, Han-YI Wang"**#, Torsten V. Zache®,
567 5 12342 56762 il 12342
Received: 19 March 2020 Jad C. Halimeh®®, Zhen-Sheng Yuan , Phillpp Hauke & Jlan-Wel Pan

Accepted: 2 Septem/muo%e—\

piiblihed orikn 968 Novermbar 2020 X The moderndescription of elementary particles, as formulated In the standard

model of particle physics, Is bullt on gauge theorles'. Gauge theorles Implement
fundamental laws of physics by local symmetry constraints. For example, In quantum
electrodynamics Gauss's law Introduces an Intrinsic local relation between charged
matter and electromagnetic fields, which protects many salient physical properties,
including massless photons and along-ranged Coulomb law. Solving gauge theories
using classical computers Is an extremely arduous task?, which has stimulated an
efforttosimulate gauge-theory dynamics Inmicroscopically engineered quantum
devices’“. Previous achlevements implemented density-dependent Pelerls phases
without defining alocal symmetry™, realized mappings onto effectlve models to
Integrate out elther matter or electric fields”**, or were limited to very small
systems"'“, However, the essentlal gauge symmetry has not been observed
experimentally. Here we report the quantum simulation of an extended U(1) lattice
gauge theory, and experimentally quantify the gauge Invarlance Ina many-body
system comprising matter and gauge fields. These fields are realized In defect-free
arrays of bosonlc atoms Inan optical superlattice of 71sltes. We demonstrate full
tunability of the model parameters and benchmark the matter-gauge interactions by
sweeping across a quantum phase transitlon. Using high-fidelity manipulation
techniques, we measure the degree to which Gauss's law Is violated by extracting
probabllities of locally gauge-Invarlant states from correlated atom occupations.
Our work provides a way toexplore gauge symmetry In the interplay of fundamental
particlesusing controllable large-scale quantum simulators.
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