BOJIHbI CBETA U BELJECTBA

E.B. ['pbi3noBa

HUNAD MI'Y
OceHHun cemecTp 2013 .



1.

2

3

4

5

7

8

«Pa3mMmuHka».

. Mnockasa BosfiHa 1 NOHATME BOSTHOBOro NnakeTa — BOJIHbI BelecTBa.
. Cncrembl co chepnyeckon cuMMeTpUEMN.

. Hayana Teopuun paccesiHus.

. Pe3oHaHCHOM paccessHUA U BONPOC O ABOUHbIX NOJIlOcCax MaTpuubl
paccesHus.

. IByxXypoBHeBasi cuctema, CBfi3b Jyla3epHbIM MosieM.
. A3yyeHne aHTUNPOTOHMA.

. HobeneBckasa npemus no dusuke 2012 ropga. UsyyeHme oguHO4YHOMN
KBAaHTOBOW CUCTEMbI.
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The Nobel Prize in Physics 2012 was awarded jointly to Serge Haroche and
David J. Wineland "for ground-breaking experimental methods that enable
measuring and manipulation of individual qguantum systems"
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Co3gaHue otTaernbHOW KBAHTOBOW CUCTEMBI

VOHbI B NTOBYLLKE PoTOHbI B A4euke
CkaHupyeTcsi (poToHaMMU CkaHupyeTtca Puabeprosckumu atomamu
lonin a trap Photon in a cavity
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Co3gaHne oTAenbHOM KBAHTOBOM CUCTEMBI: MOH B JTOBYLLKE

F=1,m=1

F=2,m=2"J

1.25 GHz

*Trapped ion: Paul & Dehmelt nony4nnu
HobeneBckyto npemutio no omnauke B 1989
“for the development of the ion trap
technique”.

*Trapped atom: Cohen-Tannoudji
HobeneBckasa npemusi no donauke B 1997
«for the development of methods to cool
and trap atoms with laser light».
JlazepHoe (donnnepoBckoe oxnaxaeHue)
1975: Hansch and Schawlow
(HenTpaneHble atombl) 1 Wineland and
Dehmelt (MOHBI). DkCcnepumeHTanbHas
peanusauma Ha Mg*n Ba* B 1978.
-[leTekTMpoBaHMe OCYLLECTBNAETCS Yepes
NorfnoweHne unm ncnyckaHne poToHoB,
OBYX(OTOHHbIE NEpexoabl, NpsiMoe
HabntogeHne CCD (change-coupled
device) Kamepown NN KBaHTOBbIE CKaYKW.



Fig. 3: Principle for sideband
cooling (see text).
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Sideband cooling — oxnaxageHne Ha DOKOBbIX YacToTax

Mcnonb3ys nasepHoe n3ny4yeHme MoXxHo:
*[MpuBECTU BCIO CUCTEMY B COCTOSIHUE C
MUHUManbHbIM V.

*Co3paTtb xopowo onpeneneHHoe PokoBckoe
COCTOSIHME.

*Co3gaTb KOrepeHTHYI0 KOHTPONTMpYeEMYHO
cynepno3numio POKOBCKUX COCTOSAHUMN.

*Ecnu gBa noHa pasgenawT ogHy
BUOPALMOHHYIO MOAY, TO KBAHTOBOE COCTOSAHME
OAHOr0 M3 HUX MOXET ObITb CKONMPOBAHO Ha
OpPOrom UOH.

*CosnaHne CNOT.
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HabniogeHne KBaHTOBbLIX CKaYyKOB

VOLUME 57, NUMBER 14 PHYSICAL REVIEW LETTERS

6 OCTOBER 1986

Observation of Quantum Jumps in a Single Atom

J. C. Bergquist, Randall G. Hulet, Wayne M. Itano, and D. J. Wineland
Time and Frequency Division, National Bureau of Standards, Boulder, Colorado 80303

(Received 23 June 1986)
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Co3aaHue oTaernbHOM KBaAHTOBOM CUCTEMbI. (POTOH B A4YENKe

‘[logaBneHne nsny4veHus, Korga pasmep
AYENKN NPUonNmKaeTcsa K ASIMHE BOJSIHbI
n:a;:gl;ﬁ:l;/m (1983) Kleppner; DeMartini; Photon in a cavity
*Pe3oHaHcHoe ycuneHne nanydeHus (1983)
‘Ma3sep Ha oguHoyHoM atome Walther (1865)
‘Masep Ha aByx potoHax Haroche (1987)

= 10
-Cnocob n3mepsiTb YNCNO (DOTOHOB B SiYEliKe, Q=4x 10
He pa3pyluas kBaHToBoe cocTosiHue (1990) T.=130 ms
Nb
2.7 cm
0.8 K

40S:, 61.41 GHz & n=51
@f”z 51 GHz

Rb, n=50

39S,
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MukpoBoSiHOBas A4yenka
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Fig. 4: Experimental setup to study microwave field

states with the help of circlar Rydberg atoms (see text). =20 m=49 Rb 125 nm

Co3pgaHue n geTekTupoBaHue ‘¢>(l =50) u ‘T>(l =51)

AMNonbLHbIN MOMEHT aTOMa U3MEHSIETCS U3-3a
AnHamunyeckoro adodekra LWrtapka
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YOnTuyeckme 4yachl

-OnTnyeckme Yacbl MOryT co3ZaBaTth [ABa BMAa BbIXOLHOro curHana:
[MocnepoBaTesibHOCTb (rpebeHKy) MMMyrbCoB C YacToTamMu OT BUOMMOIO [0
NH(ppaKpacHOro Ananas3oHOB UMM UMMYNbCHbLIN curHan npu 11Ty
dba30BOKOrepPEHTHbIN C ONTUYECKOU rPeBEHKON.

-OnTnyeckune yacel Ha noHe 199Hg+ nnu Ha nape noHos 2’Al* (1S;—3P, ~
267nm) & °Be*

‘Mlcnonb3yeTca meTo co3gaHus YacTOTHOU rpebeHKn, NpeanoXeHHbIN
Hansch u Hall (Hobenesckaa npemusi 2005).

Ncnonb3ys onTUYeCcKUin cTaHaapT YacToThl YAarnoch USMEPUTD:
-3ameneHne BpeMeH Npu CKOPOCTU HECKOSBKO KMITOMETPOB B 4Yac
N3MEeHeHne rpaBuTaLMOHHOro nNoTeHumana Ha pacctosHun B 30 cm.



OnTunyeckue yacsol

HobeneBckaa npemusa no comsuke 2012 roga
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FIG. 1. Partial energy level diagram of '""Hg" with the tran-
sitions of interest indicated.
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Fig. 2. Schematic of the self-referenced all-optical atomic clock. Solid lines represent optical beams,
and dashed lines represent electrical paths. Photodiodes are designated by PD. The femtosecond
laser, having repetition rate f, combined with the spectral broadening microstructure fiber
produces an octave-spanning comb of frequencies in the visible/near infrared, represented by the
array of vertical lines in the center of the figure. As shown above this comb, the low-frequency
portion of the comb is frequency-doubled and heterodyned against the high-frequency portion in
PD 1, yielding the offset frequency f, that is common to all modes of the comb. Additionally, an
individual element of the comb is heterodyned with the optical standard laser oscillator (f,,, = 532
THz) that is locked to the clock transition frequency of a single "Hg" ion. When detected on PD
2, this yields the beat frequency f. Two phase-locked loops (PLL) control f, and f, with the result
that the spacing (f) of the frequency comb is phase-locked to the Hg" optical standard. Thus, f,
is the countable microwave output of the clock, which is readily detected by illuminating PD 3 with
the broadband spectrum from the frequency comb. See the text for further details.
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¥/ 13MepeHre yicna OTOHOB B NUYKE

VOLUME 65, NUMBER 8 PHYSICAL REVIEW LETTERS 20 AUGUST 1990

Quantum Nondemolition Measurement of Small Photon Numbers
by Rydberg-Atom Phase-Sensitive Detection

M. Brune, S. Haroche, V. Lefevre, J. M. Raimond, and N. Zagury @’

Département de Physique de I'Ecole Normale Supérieure, Laboratoire de Spectroscopie Hertzienne,
24 rue Lhomond, F-75231 Paris CEDEX 05, France
(Received 18 April 1000}
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FIG. 1. (a) QND setup for measuring the photon number N o~ NS
in a cavity: The atomic beam B, prepared by lasers in Rydberg (c) (d)
vel f, siv he field zone R, the cavity, and

level f Crosses succes c?y t 0 ! y ) FIG. 3. Evolution of photon-number distribution P,(N) in a
the zone R; l?CfOI'C detection by the 1C COUI‘ItC{'. The Va“‘auo‘n simulation of the {ax,ux} measuring sequence. (a) Initial dis-
of the field intensity along the beam path in the cavity is tribution (n=0, coherent field with N =10); (b)-(d) P,(N)

. .. . . after n=3, 5, and 20 detected atoms, respectively (e=r,
shown. (b) Dlagram of lerﬂS € fj, _and L _Thc cavity ﬁe]d’ de ©o=0.1571). Note the different vertical axis scale in each part.
tuned by & from the e— i/ transition, shifts e by an amount The full horizontal scale in each part is from N =0 to 30. Col-

lapse into the N =13 Fock state is clearly observable.

proportional to N. The R|-R; fields induce an f— e transi-
tion.



[1ByxypoBHeBaa cuctema B Jla3epHOM rorse

Ocuunnnauuu Padbu

2 y
yactoTa Pabu n pacctpomnka
/\/\/\* ® Qz\/\dleo\zmz, A=E,-E -
1 PeweHne npu HavanbHbIX ycrosusx ¢, (0)=0; ¢',(0)=1.

&)=, (O)i%sin(ﬁt&) exp(—iAt]2):

¢ (t)=c, (O){cos(Qt/Z) — i%sin(Qt/Z)}exp(iAt/Z);

UHBepcusa 3aceneHHOCTU U MHAYLUNPOBAHHbLIM MOMEHT

sin®(Q¢/2) +cos*(Qt /1 2);

2 2 F—\d,, 0/22
() =, (OF ¢, (1) {A :E j

P(t)=c,c,d, +x.c.=c',c',d,exp(=i(E,— E)t)+Kk.c.=

2 Re(idzlio dlz(cos(QtIZ) ' i%sin(Qt/Z)jsin(Qt/Z) exp(ia)t)j



[1ByxypoBHeBaa cuctema B Jla3epHOM rorse

Ocuunnnauuu Padbu

yacTtoTta Pabu n pacctponka
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Q= d,Ef +&, A=E,~E-o
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