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The history of laser cooling epoch

Laser cooling and trapping of neutral atoms

* 1968 Theory: Localization of atoms in optical potential
(Wladilen Stepanowitsch Letochow)

* 1975 Theory of Doppler cooling

(Hansh, Shawlow, Wineland, Dehmelt)

* 1980-1982 Slow downing and cooling of atomic beams v~10m/s, T ~1 K

(Balikin, Phillips et. al.)

* 1985 Optical molasses T ~ Tp= 240 pK (Na)

(Chu, Hollberg et. al.)

* 1986 Optical trap
(Chu et. al.)

* 1986 Theory of MOT
(Pritchard et. al., Dalibard)

* 1987 MOT
( Raab et. al.)
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The basic idea behind laser cooling is the conservation of
energy and momentum during
the absorption and emission of radiation.
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Nobel prize winners

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".

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".

A weakly interacting Bose gas has been considered as a holy grail of modern atomic physics, and
this breakthrough represents a powerful statement of the success of laser cooling and trapping.

2012 was awarded jointly to Serge Haroche and David J.
Wineland "for ground-breaking experimental methods
that enable measuring and manipulation of individual
guantum systems".

Claude Cohen- William D. Phillips
Tannoudji Prize share: 1/3
Prize share: 1/3
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Eric A. Cornell Wolfgang Ketterle Carl E. Wieman
Prize share: 1/3 Prize share: 1/3 Prize share: 1/3

Photo: U. Montan Photo: U. Montan
Serge Haroche David ). Wineland
Prize share: 1/2 Prize share: 1/2



CraHpapTbl YacTOTbl HA OCHOBE
XonoAaHbIX aTOMOB U MOHOB

Orbiting Optical Clock N\ Lunar Laser Ranging

Testing General Relativity, seeking Tosnng va’.‘ ) Sasrcing hof
extra dimensions,
Dark Matter.

- TeneKkomMyHMKaLMOHHbIE CUCTEMDI
- Cucrtembl HaBuraumm,
- poBepKa NOCTOAHCTBA PYHAAMEHTANbHbIX KOHCTAHT

/8 s\ Deep Space Quantum Link
A @ [ ’ £ Studying quantum entanglement
Qs {444/  overlarge distances.
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h=1cm-> At/t ~ 10728,

Atom Interferometry, CAL
Pioneering quantum matter research
In Space.
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Chinese experiments CACs.
Rb cold atoms in space.

« Science Module

NASA Cold Atoms Lab. 87Rb




KBaHTOBble CEHCOPbl HA OCHOBE XO0N104HbIX
dTOMOB
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Quantum Paradoxes
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Quantum Theory for the Perplexed




paBumeTpbl 6opTOBOro 6asMpoBaHUA

Oct. 2015, Jan. 2016 : First marine campaign (Shom, DGA)
First marine absolute gravity measurement

Precision : 0,4- 0,8 mGal

Y. Bidel et al., Nat. Com. 9, 627 (2018)

April 2017 : Airborne campaign in Iceland (DTU, ESA)
First airborne gravity measurement with a quantum sensor
Precision : 1.7 - 3,9 mGal

Y. Bidel etal., J. of Geodesy 84:20 (2020)

April - Oct. 2018 : Long term marine campaign (Shom)
Precision : 0,2 - 0,5 mGal

April, Mai 2019 : Airborne campaign in France (GET, DTU, SHOM, CNES, ESA)
Precision : 0.7 - 1.4 mGal

Jan. - Oct. 2020 : Long term marine campaign (Shom)

Precision : 0.3 - 0.5 mGal Ice cap and volcanoes

Vatnajokull

1 mGal = 105 m/s?
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Next generation space missions

Earth's Gravity Field Anomalies {milligals)

HE @ 3 s
GRACE GOCE 17/03/2009 — 11/11/2013 504002010 0 1620 % 40
\H=500 km H =260 km, /

6U CubeSat
~— _— Cold Atom Space PAyload (CASPA)

6U Structure &
Avionics
(Clyde Space)

Gravity sensors in space are perspective for many Earth
observation applications including monitoring polar ice mass,
ocean currents and sea level.
(Inc. Frequency Cold atom sensors could enable higher resolution
; Doubler) . . .
b 4 Houseie measurements which would allow monitoring of smaller water

Optical Subsystem

Physics Package
(Inc. Telescope)

(Teledyne e2v) .
sources and discovery of new underground natural resources
Electronics & which are currently undetectable.
§ Imaging Subsystem
(XCAM Ltd)
100 x 200 x 300 mm Macca: 15-25 Kr

paboyas opbuta: 400-550 km
Bpema muccunun: 8-15 mecaues
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KoHuenuua “auenku xonoaHbix atomos”

(

Yacbl Ha ocHoBe Cs ¢poHTaHa

M.A. Kasevich, E. Riis, S. Chu... PRL 63, 612 (1989)
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9BONIOLMA MUKPOBO/IHOBOIO CTaHAAPTA YaCTOThI

/ KomnakKTtHbie KIMH yacbi

keanmoenid HAM-KNH
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4 ANA KOMNAKTU3auUKU CUCTEM NA3EePHOro OXNaXKAeHUs

Ncnonb3osaTb NNa3epHble NoaA MaJiol MHTEHCUBHOCTWN,

CpaBHMMOW ANA AocTMKeHua monaccmnca (~ 10 — 50 mBt/cm?)

BO3MOXXHO UCKNKOYNTb MAarHUTHOE none
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OxnaxaeHue U 3axsat aToMoB
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Komnaktusauua cuctem nasepHoro oxnaXaeHusn
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KomnakKtHblie MO/ A

Grating

2021 High-flux, adjustable, compact cold-atom source
University of Oxford UK

2015 A surface-patterned chip for cold atom
MOT (Centre for Cold Matte, UK) /
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Kak co3patb rny6oKyto ONTUYECKYIO NOBYLUKY?

IPPeKT BbINnpAMAEHUA ANNO/IbHOM CU/bl B BUXpOMaTUYECKOM Nojie
Kazantsev A P and Krasnov 1 V 1987 JETF Lett. 46 332-336

N 4 Grimm R, Owvchinnikov Y B, Sidorov A | and Letokhov Vo5 1990 Phys. Bev. Leti, 65 1415
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ana peaamsaymn A ~ 1 cm Ao~10My

Prudnikov (3 N, Baklanov A 5, Thichenachev A V, Tumaikin A M and Yuodin V 1 20013 JETF 117
222-231

Prudnikov 3 N, Taichenachev A V and Yuodin V 1 2007 Quantum Flectronics 47 438445

ANA peanusaumum CPaBHUMbIX MO rybuHe CABUroB NPU CYLLLECTBEHHO PA3/INYHbIX
oTCTpoWKax 6, U &, TpebyeTca none BbICOKOW MHTEHCMBHOCTM.



MHoroyposHeBsan CTPpyKTypa atomos
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1D KoHduUrypauum cBeToBbIX NONEU
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MaKpocCKONUYEeCKM ONTUHECKUIM NOTEeHUUan
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Puc. 10: (a) Makpockouuteckuii 20D owrrniecknii norennnan (hopMupyembiii GUXpoMaTu1ecKuM 10/1eM
CBETOBBIX BOJIH ¢ JIMHEIHOIN 1oJjsipusanueii B10ab ocu z. Ilapamerpbl BoJH, BOPMUPYIOHIMX HOTEHIMAI
cooTBeTCTBYIOT Hapamerpasm puc. 4. (b) Makpockounueckuii 2D onruuecknii norennuai Gopmupyembiii
OUXPOMATHECKUM 1I0JIEM CBETOBBIX BOJIH € JIMHEHMHON 1OJIsIpU3AIMe OPUEHTUPOBAHHBIX 110/ YIUIOM @ —
7/4 k ocn z. [lapamerpbl BOJIH, BOPMUPYIONMX HOTEHIMAIL COOTBETCTBYIOT lapamerpam Puc. §.



Pe3synbrarthl

MpeacTaBneHa KOHUENUMA peanmsauunm «a4ermKn Xon04HbIX aTOMOB»

1. BO3MOHOCTb peanmsaunm NoAHOCTbIO ONTUYECKON ANCCMNATUBHOM NOBYLUKN ONA
HeNTPanbHbIX aTOMOB C IybuHoM nopaaka un 6onee 1 K (conoctasuma ¢ MOJ)

2. TpebyeT cpaBHUTE/IbHO Manble MUHTEHCUBHOCTM nosen ~ 50-100 mW/cm?

3. He TpebyeT HaAMYNA MArHUTHOTO NonA

OCHOBa peain3daunn  KOMMAKTHbIX yCTpOﬁCTB Ha OCHOBE
XO0N104HbIX aTOMOB

ssrp ~ 4.9CM

E field A 7T 7TC

_ v _ — e7rp < 2.2CM

A
A
Ao #1.5CM
Ajgopg = 0.7 CM




