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CoaepKaHue

BeegeHune B Teoputo puabeproscknx atomos (PA).
OcCHOBHble meToAbl BO3OYKAeHMA U peructpauynm PA.

MonyyeHune n namepeHue sHeprumn PA 8
MarHUMTOONTUYECKUX /TIOBYLLUKaAX.

YyBCTBUTENbHbLIM METOA, AETEKTUPOBAHMA Pa3PEKEHHON
YNbTPaxoa104HOW NNa3Mbl Ha OCHOBE aBTOMOHMU3ALMOHHbIX
pe3oHaHcoB PA Kanbuusa 40 B HenpepbIiBHO paboTatoLuen
MarHUTOONTUYECKOMN JIOBYLLKE.

KBaHTOBble CUMYyNATOPbLI Ha ocHoBe PA.

INEeKTPOH-AbIPOYHbIE KOMMJIEKCHI (SKCUTOHDLI) B
NonynpoBoAHUKaX - aHasnoru PA.

N3mepeHne MUKPOBOZTHOBOIO U31y4eHUAa Nnpu nomouwm PA
(KOCMMUYECKUIN IKCNEPUMEHT).



CBoucTBa pnabeproBCKMX aTOMOB

JHeprus cBAsu -Rn2 4 3B 5.4 maB
E...-E, R _R 1 2 3B 0.2 m3B
n2 (n+1)? n3
CpeaHun pagunyc ayh? 0.2 HMm 132 Hm
CnoHTaHHOE Bpems ~n3 5*107 ceK 1.5%10% cek
MU3HU
Kputnueckoe none E_=ne,R%2e3n™* 5*10°B/m 5*103B/m
MonAapnsyemocTb a~n’ 10° cek1B2m? 20 cek1B2m?

R
(n—38)?

8,=0,5-1071%m E, = E; + cs(n — 5)7



Pun0OeproBckue atroMmbl. MeTosa perucrpanuu
MOHU3AIIMOHHBIM CUTHAJIOM.



Pnaobeprosckoe BeLecTBO
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Masnbikus D. A., OxoBan M. U., ITonyskroB I1. I1. O kosiekTHBHOM Svensson, R., & Holmlid, L. (1992). Very low work function
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Holmlid, L., & Manykin, E. A. (1997). Rydberg matter—a long-lived
excited state of matter. Journal of Experimental and Theoretical
Physics, 84(5), 875-880.
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Pnanbeprosckne atombl AinMtna 7
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[TpUHUMNMANBbHAA CXeMa YCTAaHOBKMU
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JHepreTnyeckme ypoBHun nnutmna /
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Bbicokune puabeprosckme S D
nepexoabl
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[loTeHUMan

MOHMN3aLNM
Li7



3anpelweHHble Pun F
nepexoabl



Pa3spelwleHHble  3anpeweHHble nND 1 nF
nepexoabl
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KBaHTOBble AedeKTbl INTUA 7
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Cxema 3KCrnepmmeHTa rno pe3oHaHCHOMY
ANBYXPOTOHHOMY NOTNOLWEHUNIO



PasnmnyHblie y3kne pe3oHaHcbl B NS n nD KoHoUrypauumn,
NYHKTUPHAA IMHUA - KOHTYp aycca
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Cxema yposueit “°Ca



doTtorpaduu odnaka yabTpaxod0IHbIX
aromoB *’Ca

Pa3smep oOnaka aTOMOB KaJbIHs ~ 2



[loTeHuMan noHmnsaumm Ca4o

R
EanI_ Cca

(n — 0o — (n _6150)2)2

Mopor noHnsaummn N3 namepeHHbIX IHeprum niS,-cepum 49305.91966(4) cm?

Mopor noHnsauumn us pabotbli [2] 49305.9240(20) cm?
KBaHTOBbIN AedekT 1S0 n3 namepeHHbIX IHeprum nis - 6o = 2.33801(11)
cepum 6; = —0.26(16)
KBaHTOBbIN aedekT 1S0 n3 pabotnbl [1] 6y = 2.33793016(300)
8, = —0.114(3)

1. Gentile T. R. et al. Microwave spectroscopy of calcium Rydberg states //Physical Review A. —

1990. -T.42. - Ne. 1. - C. 440.
2. M. Miyabe, C. Geppert, M. Kato, M. Oba, I. Wakaida, K. Watanabe, and K. D. Wendt, J. Phys.

Soc. Jpn. 75, 034302 (2006).

N3mepeHune aHeprun puadeproBckux nepexonos B n*1 S 0 cocToaHMs 1 nopora

MoHmn3saumm atomos 40Ca"
3eneHep bb; CaakaH CA; CayteHKoB BA; BunbwaHckana EB; 3eneHep BEB; ®opTos BE

Mucbma B HKITD 12(2019)



Level map “°Ca



The spectroscopy of an ultracold plasma using
the autoionization effect of Rydberg states

Zelener, B. B., Vilshanskaya, E. V., Saakyan, S. A., Sautenkov, V. A., Zelener, B. V., & Fortov, V. E. (2021). Diagnostics of a
Diluted Ultracold Plasma Using the Autoionization Effect of Rydberg States of 40 Ca Atoms. JETP Letters, 113(2), 82-85.



The spectroscopy of an ultracold plasma using
the autoionization effect of Rydberg states



Babouyka monekyna

Niederprim T. et al.
Observation of pendular
butterfly Rydberg molecules
//Nature communications. —
2016.-T. 7.



The spectroscopy of Rydberg atoms using the
autoionization effect of Rydberg states and a
microwave field
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The spectroscopy of Rydberg atoms using the autoionization
effect of Rydberg states and a microwave field
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KBaHTOBbIN CUMYAATOP Ha XON0AHbIX aTOMaX



CbHbopKa perynapHbiX MaccCMBoB aTOMOB AN
KBAHTOBOrO KOMMblOTEpPaA

Endres M. et al. Atom-by-atom assembly of defect-free one-dimensional cold atom
arrays //Science. — 2016. — C. aah3752.

Mikhail D. Lukin Probing many-body dynamics on a 51-atom quantum simulator,30november2017|voL551|nATUre|579
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CpaBHeHUe C 3KCnepnMMeHTOM

1. Al: N, (15K)/ N,(30K)=2,8; akcn. - 2,6
2. A1-A2: Ny(4K)/ N,(15-18K)=2,25-4; akcn. - 4,0
3.A2: AN =NnZnoag AtAV =1,3; sken. - 1,0

4.A3: AN = nanaBA’[AV =(5,2 — 8,1)x103; aKkcn. - 6x103

Al: Amoretti M. et al. High rate production of antihydrogen //Physics Letters B. —2004. — T. 578. — No. 1. - C.
23-32.

A2: Gabrielse G. et al. Background-free observation of cold antihydrogen with field-ionization analysis of its
states //Physical Review Letters. — 2002. —T. 89. — No. 21. — C. 213401.

A3: Alpha Collaboration et al. Confinement of antihydrogen for 1,000 seconds //Nature Physics. — 2011. - T.
7.—No.7.—-C.558-564.



MarnauTHas cTaduin3anus puagOeproBCKMX aTOMOB U
MHOTI'OYACTUYHBIX KOMILIEKCOB B YJIbTPAaX0JI0IHOU
I1a3Me, HaXOQMICHCsS B MATHUTHOM II0JIC.

CnekTporpamMMBbI 3aKUCH MEIH
Yafet Y., Keyes R W., Adams E.N., J. Phys. Chem. Solids, 1, 137 (1956)



KoadpdunumeHTt pekombumnHaumu
B CUIbHOM MArHUTHOM MNone

oy = 17,2Vl (1, /. )’

T -3/2 _ _2



CKopoCTb peKombunHaumnm B 3aBUCUMOCTU OT
BE/IMYMUHbI MAarHUTHOro nona B

A= ﬁ"‘Eo/T dE/T o
A2 f(E/T)D(E/T)

ag/oy= 1 — exp[-(rg/r7)]

Bpemsa XU3HU yIbTPaXxonoaHOM
NAa3Mbl MOXHO YBE/IMYNUTb HA
nopaaku!




Cxema ypoBHen atoma pybunama-85



[IoMHUMNMMANbHAA CXema AeTeKTopa.

1 — KBapuieBass BakyyMHasi kamepa; 2 —
nazepHble mydku, gopmupytomue MOJI;
3 — karymku (HOpMUPYIOLIME TPaJTUCHT
MarauTHoro moss nopsiaka 10-20 I'c/ewm;
4 — o0nako yJBTPAXOJIOJHBIX ATOMOB
pyounnus-87 B MOJI, 001acTh
JIOKaJau3alu aTOMHOTO aHcamors; 5, 6, 7
— JIa3epHbIC IMY4YKH, BO30YKIAIOIIHE
HEUTpaJbHBIE aToMbl pyoOuaus-87 B
pUIOEPrOBCKUE COCTOAHUSA, C JJIMHOM
BonHbl 780, 776 m 1256 ©BM; 8 -—
KOMITAKTHAsA AHTECHHA JJI1 KOHUCHTPAlUU
JNETEKTUPYEMOTO MHKPOBOJIHOBOTO
U3JIy4YCHUsI B O0JIACTH JIOKalIu3aluu; 9 —
MHKPOBOJIHOBOE  m3iyucHue; 10 -
IUIACTUHBI IS CEJIEKTUBHOU IOJIEBOU
MOHU3ALMU  pUIOCPrOBCKUX  aTOMOB
ANEKTpUYECKUM TojeMm; 11 — merekTop
3apsKEHHBIX YacTull; 12 — OJIOK MOHHOTO
Hacoca W JHCIIEHCEpAa — HCTOYHUKA
aTOMOB pyOuusi-87



KBaHTOBbIN AETEKTOP byaeT MMeTb O4YEHb
LUMPOKNI AMNaNa30H PETUCTPUPYEMbBIX YACTOT

0,1 cM™-1=2,998I'T'1 =100 mm
10 cm™-1 =299 I T1u=1 MmmMm
40 cm™-1=1199 IT1r == 250 MkMm









PeructprupoBaHre akCHOHOB IIPH IIOMOILU
pUAOCPrOBCKUX aTOMOB

Ogawa 1., Matsuki S.,
Yamamoto K.
Interactions of cosmic
axions with Rydberg
atoms in resonant
cavities via the
Primakoff process
//Physical Review D.
—1996. —T. 53. — Ne.
4. - C. R1740.
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