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Philos. Mag. 26, 1

On the Constitution of Atoms and Molecules

N. Bohr,
Dr. phil. Copenhagen
(Received July 1913)

(1) That the dynamical equilibrium of the systems in the stationary states
can be discussed by help of the ordinary mechanics, while the passing
of the systems between different stationary states cannot be treated
on that basis.

(2) That the latter is followed by the emission of a homegeneous radiation,
for which the relation between the frequency and the amount of energy
emitted is the one given by Planck’s theory.
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AHCcaMOnb cuctem

Habop naeHTnYHbIX cMcTeM - aHcamOIb

[Mpumep: onbIT Ppanka n Nepua (1914)

‘E- ¥ I LS
Morio- r '
xpa::?nop L - CE’ —Epﬂ"mg"‘:mp > Jemenrmop x
E. e B P
S ; ¢o
- f"!l-
Cxema IKCNEpHMEHRTA © NMoTepefl IHePTHH §
£
E, E
E, . &
AE §
E, — §
E, g N T D DO T R
E Va0 Vel V12 Vi3 Vi VeS Va6 V:T
T
b 5 : :
CnekTp konebaTtenbHbIX Hanpsixcenue passepmnu, B

ypoBHen monekynsl CO llomepu srepeuu, 5B



3apaaoBbiv KyouT (“guntronium

)

O

ISLAND
n = 0,1 pairs

‘ GATE

FLUXW 8 Ng=CgU/2e

° N

I:I:Z{Ec(n—Ng)2|n><n| - E,co

[[aMunnbTOHMAH [Devoret & Martinis, QIP, 3, 351-380(2004)]




3apanoBbIN KYOUT M cxeMa CYUTbIBaAHUA

D. Vion, A. Aassime, A. Cottet, P. Joyez, H. Pothier, C. Urbina, D.
Esteve, M.H. Devoret, Science 296, 886 (2002)

prepargiaen i "guantronium™ circuit : readout

% I

IUrirg

—HE D - ;
current pulse
circulating current in}squid loop switch or no switch
depends on i

charge state



B3anmogencreume 3apanoBoro Kyoura c
AX03e(pCOHOBCKMM OCLUINNATOPOM

[Ba «neBbIX» AX03e(pCOHOBCKUX NMepexoaa urparoT posib Kyourta, npaBbl# -
n3meputenpfioro npubopa.
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[MoTokoBbLIN KyouT (3JJ qubit)
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aMUNbTOHMAH
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CocToAHMUA KybuTa

UCKyCCTBEHHbLIN aTOM
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KBaHTOBbLIE CKauYku

week endin

PRL 106, 110502 (2011) PHYSICAL REVIEW LETTERS 18 MARCH 2011

Observation of Quantum Jumps in a Superconducting Artificial Afom

R. Vijay, D. H. Slichter, and . Siddigi

Quantum Nanoelectronics Laboratory, Department of Physics, University of California, Berkeley, California 94720, USA
(Received 29 September 2010; published 14 March 2011)

We continuously measure the state of a superconducting quantum bit coupled to a microwave readout
cavity by using a fast, ultralow-noise parametric amplifier. This arrangement allows us to observe
quantum jumps between the qubit states in real ime, and should enable quantum error correction and
feedback—essential components of quantum information processing.
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EXPERIMENTAL SETUP

Qubit Readout
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EAMHWMYHBbIE peann3aunn

|.Siddiqi et al., Berkeley
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LLlym B cucteme

A.l. Gelman, A.M. Satanin, JETP lett. 91, 535-540 (2010).
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M. Sllanpaa, et al., Phys. Rev.Lett. 96, 187002 (2006).
W. D. Oliver, et al., Science 310, 1653 (2005).

D. M. Berns, et al., Phys. Rev. Lett. 97, 150502 (2006).
D. M. Berns, et al., Nature 455, 51 (2008).
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MeTtoabl MoHTe-Kapno 7 -
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THE MONTE CARLO METHOD CrtaHucnaB Ynam: “ Metoa MoHTte-Kapno —

R e 3TO NpUNoXeHue 34paBoOro cMbicna K

ton of & merhod deslng with a class of prabioms . mathe. MaTteMaTtuyeckum opmynupoBKam

matical physics, The metho{i is, e_ssent.m.lly: a statistical ”

eneraly, of integro-aiforential equations. that oecur in ¢dn3mnyecknx 3akoHOB U NpoLeccos

various branches of the natural sciences,

1. BbluucneHne MHOroMepHbIX U (pyHKLMOHANBbHbIX
WHTerpanoB

2. PeweHue 3agay nuHenHoun anredpbl (cuctem
MaTPUYHbIX YpaBHEeHUHU, oOpaleHusa maTpuu)

3. PelieHue uHTerpanbHbIX ypaBHEHUMN

4. Ctatucrtnyeckue aHcambnu (ctatuctnuyeckas dpusumka,
MONeKynspHaa AuUHaMuKa)

5. Metopn KoHa-LLlama (anekTpoHbl+anHamuka Kapa-
MapuHenno ana saep)

6. KBaHTOBbIi1 MeTog MoHTe-Kaprno 18



Buue-npe3ngeHT NVIDIA: «3aKoH
Mypa mepTB>»

Buue-npesngeHT NVIDIA bunn Jannun B rocteson
KOJTOHKe XypHana «Popbc» Hanucarsn, 4To 3HaAaMEeHUTLIN
3akoH Mypa 6onblue He padboTaeT u «xmepTB». 1o ero
clioBaM, COBPEMEHHbIE MHOIOMPOLECCOPHbIE PELUEHUS
CTaHOBATCSA BCe MeHee 3 (PEKTUBHLIMU, U NPOCTOE
yBenuyeHne 4yncrna agaep yxe He gaet pesynbTata.
PeweHnem npobnembl [annm cumtaeT
9HEPro3KOHOMUYHbIE NapanfenbHble CUCTEMbI TUNA
CUDA.

NVIDIA & ADM CUDA (Compute Unified Device Architecture) un

CTM (Close To Metal nnn AMD Stream Computing),
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Speedups Using GPU vs CPU
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KBaHTOBasA Teopusa penakcauuum.
MeToAbl UCCneaoBaHUSA

NMpupooa guccunauum -

B3aUMOLENCTBME CUCTEMbI C pe3epByapom (ropasgo OonbLUen CUCTEMON)
c BonbLUMM YNCOM cTeneHen ceodbobl
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C.W.Gardiner, P.Zoller, Quantum noise, Springer, 2000
Ckannu M. O., 3ybatpu M. C., KeaHmoseas onmuka, M., @uamamnum, 2003



MaTpuua nnoTHOCTHU

1) bopHoBCKOe npnbnunxeHue;
2) MapKkoBCKOe npubnmxeHue:

PeLueHne ypaBHEHUIA NS 3reMeHTOoB onepaTopa NnoTHocTn, NXN LWTyK
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MeToA KBaHTOBbLIX TPaeKkTopun
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dPa3oBad N aHepreTnyeckas
penakcauusi COCTOSSHUM KyouTta
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KBaHTOBbLIE TpaekTopuu — peanbHOCTb
U MmaTeMaTuyeCcKumn TprokK

Measuring a single quantum trajectory

D Bouwmeester and G Nienhuis

Huygens Laboratory, University of Leiden PO Box 9504, 2300 RA Leiden The Netherlands
Quantum Semiclass. Opt. § (1996) 277-282. Printed in the UK

Absitract. We propose an experniment on smngle two-level atoms (or ioms) which would

demonstrate the physical significance of quanhmn trajectory descriptions for spontaneous decay.
We predict that the experiment will reveal the reality of neoclassical decay of the atomuc mversion

before the emmssion of a photon

Bouwmeester, D. et.al.
Neoclassical radiation theory as
an integral part of the Monte

Carlo wave-function method / Ecnu Her penaxcauvy\
Phys. Rev. A. 1994. V. 49 P,
4170. X ! -
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OnHamunka KyouTta

O

Bo3agencreue Ha KyOUT BHELUHUMMU MNOSSAMM:
*  1.NOCTOAIHHBLIM MarHMTHLIM nonem fd
2.nepeMeHHbIM BY anekTpoMarHMTHbIM nonem
 (s0) Vsa
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SQUID
B Cxema u3amepeHusi COCTOSIHUA KyouTa
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| Vsat
At 20 ns 20 us time H 1( &€ (t) A
RF Readout Readout s~ A
Pulse  Pulselgg SignalVegq 2\ A —E(’[)

[[aMunnbTOHWaH cnpaBegnue ANS ONMCaHUA OUHAMUKU BCEX TUMOB
CBEpPXNPOBOAALLUMX KYyOUTOB (HE TONBbKO MOTOKOBOIO)

Pasnunune 3aknto4vaeTtcs B cnocobe ynpaBrieHns BHELLHUMW NnapamMeTpamMu.

B cnyyae 3JJkybuta — nytem n3MeHeHus amnnnTyabl BHELWHMX nonen fdp fac

W.D. Oliver, SO. Valenzuela Quant Inf Process 8, 261 (2009)



[Nepexopbl JlaHpay-3uHepa

BnepBble uccnenoBaHbl NPU PaCCMOTPEHUMU NepeceyeHns YpOBHEN NMPU CTONIKHOBEHUMU
aTOMOB
119

L. D. Landau, (a) w (b)
8l <0

Phys. Z. Sowjetunion 2, 46 (1932)

C. Zener. Proc. R. Soc. A137, 696 (1932) 8
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g(t) 80 Acosad IL> IR Flux Detuning (a.u.) €(t)
8(’[) -0 -ypOBHW rnepecekarTca B HeaagnabaTndeckom basdte

-(6e3 yyeTa TYyHHENUPOBAHMSA)

BepoaTHoCTb nepexo,u,h > R ‘ T> B npeaene 6eckoHeYyHo B0SbLIoro
BPEMEHM _ 5
P, =1-expt24\° /o)

v=E0e(t)/ ot .o ¥, =A% hu-kodddurmenT annabaTHIHOCTH

CKauyKku HaceneHHOCTU NMPOUCXOAAT NPU KaXKOOM NnepecevyeHUmn ypoBHeMN.
Nepnoaunyeckoe
nepecevyeHue npuBoaUT K UHTepdepeHLLMOHHOU KapTUHe P(A&)

W. D. Oliver, Y. Yu, J. C. Leg, et.al., Science 310, 1653 (2005)



KBaHTOBbLIe TpaeKTopuu

A = w, &, = W,01HOGOTOHHBIN PE3OHAHC
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MHOrooTOHHbIEe PEe30HAHChI

A =w, &, = 30w, 30§0TOHHBIN PE30HAHC, CUIBHOE MOJIE:Ey, A>> W
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MpunoxeHne K aMNNIUTYAHOW CMEKTPOCKOMNUMU

1 N> 2 2
SOVSEE J SNV S e GIT

2n:0Aﬁ+(£0—na))2 2 = (go_m)Z_l_rz
A=A (Al w) oE=A, =T

HaceneHHOCTbL BEpPXHEro YpOBHS KybuTa nocrne Bo3gencTBNS MMMyrnbca onutenbaceiigb
MOCTOSIHHOW aMNNnUTyAbl A NpY pasnmyHbIX 3HAa4YEHNSX Wyma (D.Bernset.al.,PRL 97, 150502 (20
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Pe30HaHCBI

bonee koHTpacTHas kapTuHa HabnogaeTca ANa pe30HaHCOB BbICOKOro rnopsiaka.
XopoLulee coBnageHmne ¢ akcnepumeHTom (D.Bernset.al.,PRL 97, 150502 (2006))

A=w  =0.0%w A=0.1w

34t
B

23 30 35 40 45 50 r 0.8%w 25

54

3 32
Tﬁ A0¢
28
25 30 35 40 45 50 A/a) 25 20 25 41 45 S0 A/a)
|_|O,EI,FOHKa napamMmeTpoB wymMma npum npamMomMm HUCiieHHOM MoaelnmnpoBaHUK Mo

pe3ynbTaTbl 3KCMNEepMMeHTa NO3BONINT BOCCTAHOBUTb NapameTpbl obpasua ¢
X 0 n 0 i e i T 0 u H 0 cC T h 7o)




14
12

10¢

14
12
10

£n feu
()

Lo T W R SN o

14

12

10

£n e
[soa]

[ T 0 T e o

N3amepeHne napameTpoB KyouTta

A=w =00

Lo T 0 TR S
T T

N=1
3aBMCUMOCTb UHTepdepeHLUNOHHOM
KapTUHbI OT YMCria peanu3auum metoga
(Yncna namepeHumn B IKCNEepUMeHTe)
N =10
N =100 . :
In good correspondence with N=3000 in
previous consideration and experiments.
In experiments usually N=3000-10000
A.l.Geman, A.M. Satanin, JETP lett. 91, 535-540 (2010




3aBMCUMOCTb OT YMcria peann3auum

A=w =00

| N=10 3a8ucumocts uHTepdepeHLNOHHOM

KapTUHbI OT YMCria peanu3auum metoga
(Yncna namepeHnn B IKCNEepPUMEHTe).
PacuyeTt 6e3 ycpeaHeHUs N0 BPEMEHM.

i N=500 |n good correspondence with N=3000 in

previous consideration and experiments.
In experiments usually N=3000-10000

A. I. Gelman, A.M. Satanin, JETP lett. 91, 535-540 (2010).



JHepreTuyeckan penakcauyua

A. |. Gelman and A. M. Satanin, ®TT, 52, 2094-
2099(2010).
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[MTapannenbHble BblYUCIeHUN
AVWHaMMKN KyOuToB

e Cluster HHI'Y 128 npoueccopoB, MPI —
nporpamMmma, sbldncreHua P(epsilon,A) —
yckopeHue B ~100 pas

* [Nporpamma Ha smp —malunHe, 48 a0ep,
yckopeHue 40 pas (Open MP)



BbudypkaumoHHbIN 0K03€PCOHOBCKUU OCLUINATOP

1.Siddiqgi et al., Phys. Rev. Lett. 93, 207002 (2004); I. Siddigi, et al.
Phys. Rev. B 73, 054510 (2006).
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FIG. 4. Histograms of the reflected signal phase ¢ at i,¢ /Iy =
0.145. The histogram contains 1.6 > 10° counts with an analy-
sis time 7, = 20 ns. Data here have been taken under the same
operating conditions as in Fig. 3. The dashed line represents the
discrimination threshold between the O and 1 state.
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Dispersive measurements

PHYSICAL REVIEW B 73. 054510 (2006)

Dispersive measurements of superconducting qubit coherence with a fast latching readout

L. Siddiqi. R. Vijay. M. Metcalfe. E. Boaknin, L. Frunzio, R. J. Schoelkopf ~—+™** ™" ™~mmms
Department of Applied Physics and Department of Physics, Yale University, New Haven, ( 30 x103 .
(Received 7 September 2003; published 23 February 2006) x t I ' | 2
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FIG. 2. Typical histogram of the phase of the reflected signal in
the JBA readout when the maximum rf drive current 1s chosen so
that the resonator switches approximately half of the time. The
switching probability P_ .., is defined as the fraction of the histo-
gram lying above ¢=0. The mset shows schematically the envelope
of the readout pulse sent to the phase port. The qubit influences the
switching probability during the time interval 7,, which here was

40 ns.
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LLilyMm n nuamepeHus
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BbiBOAbI

UHdopMaTUBHLI NN “KBaHTOBbLIE TPAEKTOPUN’?

* KBaHTOBbIE CKa4kKy MOXHO HabnwaaTb B eAMHUYHbLIX KBaHTOBbIX
cucrtemax

«  EAWHNYHbIE peanu3auum OeMOHCTPUPYIOT NpoLecc
dopMupoBaHua HabnogaeMbIX

B uyncneHHbIX 3KCnepMMeHTax BuaeH nepexon K aHcambso
KBaHTOBbLIX CUCTEM

e TexHuyecku kBaHTOBbIN MeToa MoHTe-Kapno noneseH ans
MoaesfIMpoBaHUA MHOITOypPOBHEBbIX CUCTEM

. NXN -> N.

« KBaHTOBbLIN MeTOoa MoHTe-Kapno ocobeHHO ynobeH gns
peanusaumm Ha napansenbHbIX BbIYUCIUTENIbHbLIX KOMMIeKcax



