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Sympathetic cooling of a Fermi gas with a buffer gas of bosonic atoms is an
efficient way to achieve quantum degeneracy in Fermi systems. However, all attempts
to use this method for cooling ions until recently were ineffective because of the
unremovable ion “micromotion” in electromagnetic Paul traps, which prevents the
realization of a number of hot projects with cold atom-ion systems. In this regard,
we propose a new efficient method for sympathetic cooling of ions: the use for
this purpose of cold buffer atoms in the region of atom-ion confinement-induced
resonances (CIRs) (Melezhik V.S. // Phys. Rev. A. 2021. V. 103. P.53109). We
show that the destructive effect of “micromotion” on its sympathetic cooling can,
however, be suppressed in the vicinity of the atom-ion CIR. Here, the resonant
blocking of a close collision of an atom with an ion also resists its heating due
to “micromotion”. We investigate the effect of sympathetic cooling around CIRs
in atom-ion and atom-atom confined collisions within the quantum-quasiclassical
approach using the Li-Yb™ and Li-Yb confined systems as an example. In this
approach, the Schrodinger equation for a cold light atom is integrated simultaneously
with the classical Hamilton equations for a hotter heavy ion or atom during
a collision. We have found the region near the atom-ion CIR where the sympathetic
cooling of the ion by cold atoms is possible in a hybrid atom—ion trap. We also show
that it is possible to improve the efficiency of sympathetic cooling in atomic traps
by using atomic CIRs.

CuMnaTHUyecKoe OXJaKieHHe (epMu-rasa GyhepHbIM ra3oM OGO30HHEIX aTOMOB
siBJIsieTcss 9((EKTHBHBIM CMOCOGOM IOCTHXKEHHsSI KBAHTOBOIO BBIPOXKJAEHHS B (pepMH-
cucremax. OfHaKO BCe MOMBITKH HCIONb30BaTh TOT METOL JJIsl OXJIaXKIEHHsS HOHOB
OblIM 10 HElaBHEro BpeMeHH Oe3yCIIelIHbl BCJEACTBHE HEYCTPAHHMOIO «MHKPOJBH-
JKEHHUsI» HOHA B 3JIEKTPOMAarHHUTHBIX JIOBYWIKax [layssi, 4To MpensiTCTBYeT peajnsaLtu
psiia MHTEpEeCHBIX MPOEKTOB C XOJNOAHBIMH aTOMHO-HOHHBIMH CHCTeMaMH. B cBsizu
C 3THM MPeIJIOKEH HOBbIH 3(PeKTHBHBIH METOL CHMIIATHYECKOTO OXJIaXKAEHHS] HOHOB:
UCII0JIb30BATh C 3TOH LEJbI0 XOJIOAHble Oy(hepHBle aTOMBl B 00/1aCTH aTOMHO-HOHHBIX
MHAYyUHPOBaHHBIX KoH(arHmeHToM pesonancoB (CIR) (Melezhik V.S. // Phys. Rev.
A. 2021. V.103. P.53109). [ToxkasaHo, UTO AECTPYKTHBHOE BJHSHHE «MHKPOIBHXKE-
HHSl» HOHA Ha €ro CHMIAaTHYeCKOe OXJIaXKJIeHHe MOXKeT, OIHAaKO, OBITb IOJaBJEHO
B obsactu atoMHO-HoHHOro CIR. 3neck pesonaHcHas 6J0KHPOBKA MOJHOTO COMHXKe-
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HHMSl aToMa C HMOHOM IIPH HMX CTOJIKHOBEHHM TaKxKe IIPENsITCTBYeT ero HarpeBy 3a
CyeT «MHKpOIBHKeHHUs». KccenoBan 3(eKkT cHMIaTHYeCKOro oXJ/aKAeHHs BOIU3H
CIR B aTOMHO-HOHHBIX ¥ aTOM-aTOMHbIX OrPAaHMYEHHBIX JIOBYILIKAaMH CTOJKHOBEHHSX
C MOMOLIbI0 KBAHTOBO-KBA3HKJ/IACCHYECKOTO MOAXONA C HCMOJb30BaHHEM B KadecTBe
npUMepa MJEHEHHBIX B JoBylwKax cuctem Li-Yb' u Li-Yb. B stom mopxone ypas-
HeHue [lIpénuurepa mJjsi XOJIOAHOTO JIETKOrO aToMa HMHTErPUPYeTcs OAHOBPEMEHHO
C KJAaCCHUeCKMMH YypaBHeHHSIMM [aMH/IbTOHa [/ HAarpeToro TSXKeJOro HOHA HIIH
aToMa B IIpollecce CTOJNKHOBeHHs. Paccunrtana o6snactb B6su3u atomHo-noHHOro CIR,
Tie CHMIIaTHYeCKOe OXJIaXK[eHHe MOHA XOJIONHBIMH aTOMaMH BO3MOXKHO B MOPHIHBIX
aTOMHO-HOHHBIX JIOBYLIKaX. TakKe MPOAEMOHCTPUPOBAHA BO3MOXKHOCTb YJyYILIEeHHS
3¢ (PEeKTUBHOCTH CHMIIATHYECKOTO OXJAXKAEHHUS B aTOMHBIX JIOBYILIKAaX C HCIO0Jb30Ba-
HueMm aromubix CIR.

PACS: 32.60.+i; 33.55.Be; 32.10.Dk; 33.80.Ps
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