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“Hosas >pa” (1962 -1973):

Knaccudpumkauma agpoHos SU(3), SU(6),
CUMMETPUA apoOMaTOB, KBAapKU

[MHamnyeckne CUMMETPUM KBAHTOBbIX CUCTEM
CnekTp reHepupyoLime anredpsbl
KorepeHTHble COCTOSAAHUSA




“Hogsetimas ncropus” (1973~ ...):

* KanNMbpPOBOYHbLIE MOSA

* CMTIOHTAHHOE HapyLleHne CUMMETPUn

* CYyNEPCUMMETPUYHLIE MOOENN

* cynepcTpyHbl, d — branes and “Theory of Everything”
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Teopus rpynm u KBaHTOBas ONTHUKA?

lennHenHaa onTtuka. BelpoXXaeHHbIN
napameTpuyeckum reHeparop. (SU(1,1))

CxaTbln cBeT

KBaHTOBbIN XaoC

[1ByX- 1 MHOro- YypOBHEBbLIE aTOMbI
Cavity QED, micromaser
[lnccnnaTnBHbIE KBAHTOBbIE CUCTEMBI
KBaHTOBbIE BbIYUCIIEHUS, AEKOrepeHLUUS




MOI[CJII)HLIG raMuJIbTOHHAHbI KBAHTOBOU OIITHKU H
KOTCPCHTHBLIC COCTOAHUSA

H = E Ws, .5, All Tt Arr

$1,.-95r

ﬁ(t, to) = ff'(g(t,tg)) = exp |—1 Z )\k(t,to);{k]
k

Vge € X = G/Go — 1€ >=T(99)|0 >| T(R)|W,) = eia®)| W)

E—2=(24...,2"), 2n=dim(G/Gy).




Coherent States on Lie Group G
(I sU(2) =< 20 > [ 220 3y |2 >=]E(EY o o2") 5

p(z,2) =2In| < z|0> |,

¥(e) = [ K(0) (w) exp[-p(w, 0)] du(e, o),

K(z,@) =< 2zlw >/ < 2|0 >< 0|w >

(F) () = [ 7 0) o) dute, 0,

< 2| Flw >
cglwis

F(z,w) =

N oj [0F1L0F OF1 0F>
{F1, Fiflz,z) B 2; g laza 078 938 9z
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NHTerpana mo tpaekropusim B npeacrapjienun KC

U(z, 5|t 1) = / exp (%s) TT du(=(7),2(7)),

to<7<1t

t

S = / {z’h Z [Z.(T+0) 2%(1) — Z4(7) 2%(7)] — H (2(7),2(T + 0)|'r)} dT—

(1.72)

ih [ K(2(t), 2(t)) ] |

2

K(2(t0), Z(to))




“Knaccuyeckue” ypaBHeHUS ABUXEHUS

U(z,Z|t,tp) = U exp (%Sd) :

s | 0F] 0F> B 0F, OF>
0z¢ 0z°  0z° 0zo



N-level atoms in Classical Fields. G = SU(N)

N-1 N-1
|2) = (1+ ) 2°2%)® | | exp(2"Ep)|0)
a=1 8=1

2= (z"..2" ) €SUM)/Un—1) = CP~

n—1 n—1
12° = Hon(t) + Z [Iim-j(t) - H.,,,,(t)éa,,] 20 Z 11.,“3(t)zﬂz-8
8=0 F=0

"z_:l Bas(t, to) 2P (to) + Onalt, to)
A =1

n

= $
= Onﬁ(ta tO)Zﬁ(tO) T gnn(ta tO)



OByxypoBHeBbin aToM, G= SU(2) (7

A2sin? Q¢
(W —wp)* + A2

P(t) =




eHepaumsa atomHbIX KC

P(t)

A(t) = A exp [—z’wt — (t— to)z/'rz]




TpexypoBHeBble atombl, G = SU(3)

E- A A




. et ssqein g We have not here a pictures
M~ ' for CS generation!

A(t) = |le| exp

D(t) = |Qq3| exp

wD/2+Qg = 08, wD-l'QD: 13, ng == 0, 913 — 2, wy= 0,(4)3 = 13,7‘:20, 0'32=]_0




J/InHAaMUYeCKHMI Xa0C B KBAHTOBLIX CHCTEMAaX

v " A 1 . 3 & “
B =iyt (b+b+§) LTS+ g (™St

+g(BH)™S, +G(B)™S_ + k(b +b)>

SU(2) ® W(1)

r

& +iva +1 2jgm(a*)m‘1ﬁ + 125 m(a*)
a* — jvat — 1 2jgm(a)™ 15

(Hiwd+igla)™+iXa")™ —iga®)™C? —iXa)™¢? =0

| (= iwt —ig(at)™ — i M@)™ +1 G(a)™¢H 2+ i A (@)™ =0




KoMmnbroTepHbin pacyet (Delphi 3)

vl : =10l %]

3B0ON0OUKA B KOMNAEKCHOM NAOCKOCTH
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1.6l

Pre. 3.10: Dpo/moms aToMIOro KOrepeHTHOro cocTouua g = A, v =w=1j=1/2 g =
0.4,a(0) = 1,{(0) = 0.3, Bpepxy - Ha KOMIUICKCHOM IIOCKOCTH, BINSY - 1A, cchepe



OneparopHbie CpeHHEe U KBAHTOBbIA Xa0C

H(a,a*; ¢, t) = wp J ii C_Ci +w(aat +1/2)+
() (et at) 427 I ﬁa’")fjc_(gfm IR

cxodxu Ilyaccona {, } onpenmenensr cemyionium oSpasom:

: . _l ) 2 8.7-"18.7:2 af2afl
{FA(z,27), Fa(z,27)} = ; 325;77 (2,2°) (82:5 0z 9z 32’;).

31ech
_ 8 InK(z,z")
Tlss! = azsaz:’ )

MaTpHIa (77”') gBsteTest 00paTHOR MaTpue (7ss); QyHKIHS

F(z,z') =< CS|F|CS >

MEBCCTHA KaX (-cuMeos omeparopa F om. [nasy 1, a
Kz,w)=|<0z>2 0>=0>Q|J,-J>, |z>=|CS>.
B nmamewm ciyuae K(a,a®; (,(*) = exp(aa®) (1 4+ CC*)N.



Puc. 5: ®@aszorbie nopTpeTrbhl 11715 BpQMQHHéﬁ AUHAMHUKH TTOJYPa3HOCTH HACEJICHHOC T ABYX-
VPOBHEBOI'O aToMa C OJHOKBAHTOBBIMH ITeDEXOIAMIH. PO)K,IIGHHG HUKJIOB € POCTOM KOHCTAHTBI

coasn. a(0) = 1 C(0)=0.5; wo=1,w=105, g=g;(A): g=0.448;(B): g = 0.4485; (C):
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Puc. 3.28 Mumanmka KpaOpaTypHLIX nepenenmnrx (m = 2). TTapareTpirieckoe posmeil-
cTome BKMoaeTes epes wig =14 B mad(wt) =1,7=1,0=1g=1A =03, =w=
1,7 =1/2,a(0) =1,¢(D) = 0.3, BEepxy - AX?, mmy - AX?




O6o6weHHaa moagens [IUKKe € 3aTyxaHuem,
MaKCUMarbHbIN NoKa3aTtenb JlanyHoBa un cxaTtune

H = hwyRs + hwa'a + hs(Ry + R_)(@+a') + hs(aa + a'a’), ()
H = hwoR3 + hwa'a + hx(R, + R_)(@+a') + A s(aae®™t + afat e 2¢t) @
&R 5 % 5 B ] a
[Rs,R.| = +R., [R,,R_]=2Rs, = Z 7U)
< Ry >= Nz, = §+ >=<R. > =N (z + ty),
2 §o—afl 5= R.(@+at R a+al
olk < R,(a+a") >=~< R,><a+a >
T = -y, ' = —y,
y =z+42ez, v =z+2ez,
2= —2ey, :’:—Zey,
e’, =(p—0)g, N e/ = |pu— ocos(2ut)| g — osin(2ur) e,
g =—(p+o0)e+ B, g = —[pu+ ocos(2ur)] e + osin(2ur) g + 3%z




AB)

Pue. 3.31: Maxcumansueitt koaddunuent Jlamynosa A(F) p = 1,
0,2(0) =1, e(0)=~h(0)=1. "ucpurre keagparuku": ¢ = 0; "xkpectr": o = 0.9
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Pue. 3.32: Bpenenmnnie 3aEHCHMOCTH HOPMIPOE AHNOL PasHOCTH HACCICHIOCTE ] IBVXYPOD-
meprrx atonmos ana "ometoil” momem Mumxe. 2(0) = 1,2(0) = y(0) =0, e(0) = A(D) =
00 ww=w,d=10.(A)po=09(B):o=01




(B)

Prnec. 3.33: Bpenenmmie 2aznemeocTtn crenenn cxarna doromoli mogr D) ana "oneroil”
momemm Tmexe 2(0) = 1, z(0) = »(0) = 0,e(0) = A(0) =0; wp =w,3 = 1.0 (&)
o =09 (B): ¢ = 0.1 (C:xarrng cocTOAMIME COOTBETCTEYIOT TOTEN, PACTIONCHOHHELIC
HIDES TOpIRonTaTsnoll mrproeoli mmm D =1 .’4.)



KorepeHTHaﬂ pelsiakCaunad KBaHTOBbIX CUCTEM C
KOHe4YHbIM YUCJIOM ypOBHEﬁ

H=Hy,+Hg+ H,, |R({=pa(t)®pp(0)

KuneTtuiecxoe ypaBHCHUE I Pe/IyIMPOBAHHON MaTPUIIEL IJIOTHOCTH p(t) =
trg[R(t)] n— yposreBoro aroma 3anuceBacTes B Buje (A= 1) :
dp 1 - + gt s oaged fa-
E_Z 70[(N+1)(2E pE EaEap_pEaEa)+
a=1
+N,(2EpE; —E; Efp—pE;- EF) -
~Si(oEFpEr B} B —pEjEj)— (4.3)

8 (VB E-—E Erp—bE-E; V).

B srom ypapneHnn E;E 0003HATAIOT ONEPATOPEL IEPEXOIOB MEXKITY SHCPICTH-

HeCKEMH YPOBHIMM aTOMa M, BMCCTC C TCM, JICCTHHYHLBIC TCHCPATOPEL 71—

MEpHOTO hyHIAMCHTAJLHOTO IpeacTaBcHua rpynnst SU(n), urgexc ”a”

HaxXOOUTCA B COOTBCTCTBHH C HYMOP&HI’ICI"i 0a3MCHBIX 3JICMCHTOB &HTO6pr

SU(n), M < n(n-—1)/2 uncio paspeUICHHEIX ICPEXOAOB B aTOME, Yo—

KOHCTaHTa, 2aTyXaHua Jj1a nepexoma Tuma "a", N, cpemnee uncio doToHOB

B TCpMOCTaTC H S KOMILJICKCHBIN IlapaMeTp CZKaTHiA B d)OTOHHOI"i MOIEC C

7aCTOTOM Tepexosa Tuna "a'.



UcnonpayeM gagiee 4JIst peIylnpoBaHHOR MATPHIIL TJIOTHOCTH JUAT OHAIb-
noe npeactasaerne o KC rpynnur SU(n)

p() = [ du(z,2)P (2,7, 8] >< 2 (4.4)

rne X = SU(n)/Gy daxrop-nmpoctparcreo rpynnel SU(n) ¢ nHBApHAHTHOR
mepoit du, Gy C SU(n). logrpynna Gy ompefenseTcss BLISOPOM CTaHIAPT-
HOTO BexTopa [t > B ompenesieann KC na rpymne JIu (mpocreiinmii Berdop
Yo >, KAK COCTOSHUS C HAMMCHLIICH SHCPTHUCH M30JMPOBAHHOTO N— YPOB-
HEBOTO aToMa, ipuBoguT K Gg = U(n — 1) C SU(n)).

Hcnonbays SBHOe AeiicTBHe onepaTopoB ET ma mpoexTopt |z >< z|, mpu-
BeaeM (5.3) x ypasuenuo Buna Pokxepa - [lnanka s pynxmun P(z, z2,1) :

o .
a'P(z,Z,t)=L'P(z,2,t), (4.5)

~

rie oneparop L aBiserca jmHeHHBIM JudepeHIUATILHEIM OIEPATOPOM B
JACTHEIX IPOU3BOIHEIX BTOPOTO MOPSIKA, 3ABUCATIIAM OT IPEJICTABJICHNAS TPy II-
el SU(n). (Hmxe SymyT paccMoTpeHEI uacTHEIC cjiydan ypasHeHus (4.5),
nmetorme MecTo st (2 J + 1)— mepHEIX npeacrasicuui rpynnet (SU(2) n
ATOMHBIX CHCTEM C JUHAMHUUICCKON CHMMETPHEH TOJHOCHMMETPUTHEIX TIPE/I-
crapyern# D(NV,0) rpynnet SU(3),N =1,2,...).




Pz 5t) = / du(Z,2)K(z 5t Z3t) Po(2, Fita),  (46)
X

rne Py mpexacraser coloit P— chMBOJ HavaJIbHON MATPHITEL IJIOTHOCTH
pa(te); K— saenpaerca ¢pynkunmeit ['puna (mponmaratopom) ypaeaenus @ox-
kepa - Ilnmanka; 2 = (21,...,2,), 7— (KOMIIJICKCHAS) PasMEPHOCTL IPOCTPAH-
cTBa X.

PI% Kiz. z:t| z’, z: 0) =4(z, z; z,, z"l), (4.7)
3feck 0—QYHKIMA ONpE/e/IcHa B IPOCTPAHCTBE (DYHKIM Ha, OZHODPOITHOM
muoroodpazun SU(n)/Gy.

< A(t) >= / < z| A%#) |z > P(z, ; t) du(z, ).

(A(t) B(0)) =

= [ [ <aldlz> Kz, 58, 750) P 02, 73 0)duz, ) (2, 2),
A A o A (4.9)
smece A%(t) = Ugi(t) AUy(t), Upy(t)— omepaTop sBomonmm cBoSOMHOM aTOM-
HOH moziencTeMsl, Py ;) 0G0zHaMaCT P— CHMBOJ IPOMZECACHH OICPaTOPOE

B - p(0) B HauabpHLLI MOMEHT BpeMeH: t = 0,




do(w) ~ Re / et (B+(¢)EC(0)) dt.
0

KoHTYyp nuHUKM npu penakcaumm B TepMocTaTte CO CXaTbIMU
donykTyaumamm:

() = o L4418 L _ 45|
21 | (w—wp)2+ (£ +71S))

Poe. 4.1: Konryp mmmmm mryvemms AByXypOBHeBOll CHCTOMEI B CHEATOM TOPMOCTATR.
~/wp=001,< » >=5,r = 0.3 (ana peprnero pucyma.); ¥ /wy = 001, < >= 51 =0.5
(mma moxmero prcymea.). [IymeTopoas mMImma cooTBRRTCTEYET KONTYPy M2y ICHIT AByX-
YPOEHRBOLL CHCTOMEI B GOLIMTHOM TEPMOCTATS IpI Tax e yenoemax. [lo cam abemmee or-
nooxena Gezpasyepnan mactora (w /e — 1) .



Puc. 4.2: OTHOIICHIIe I PHHEL THHEK A IEYXYPOBHCBOTO aTOMA, IPH pejlakcalun B "cxKa-
ToM" TepMocTaTe K MIHpPHHE JIMHUE B OOBITHOM TepMocTare [p B 3aBHCHMOCTH OT IIapa-
MCeTpa, CIKATHUA 7.




TpexypoBHeBble aTOMbI

P(Zl : fl, Za, fglt)
(1 + 2121+ ngg)s

f(zly 21, 22, E’2I\t) =

TIO TV ITILE

3
a{ Pf= (4.57)

d ! 4.14.0:') ad a2 ad
— ot Rores 1 ~1-2 2-; f f
{ [2 #1+41¢1+uuo+(M+ )1 Zn °+ x

a '}"’ 4.14."4" a a
+NS."- Za —~ — - 2 1)~ Zn 20
= -, )+ (#14'”12-1 =+ 2274 (N ok ) 1 “d2q +'N: - ‘8fl)+

T3 7n(l+27) d » 9 __
— 1 ~ P 2129
+ (;.t1+‘1‘1+mm+(!\f3+ ) 1( h+a-hnh )+




n

Y Z Z
f(Z]_, %, 2, Z‘)lt Z Z anlm’, nm;ms (2;—1’ <1, z?._’ 2) . (458)

142121 + 22)3
n=0 |my+ms|<n (1 + 2121 + 22)

Coeprrreckue GYHKIIET YV, m, (21, 21, 22, Z2) Ha 0JTHOPOJIHOM IIPOCTPAI-
ctee SU(3)/U(2) =~ C P, M0JKUELI YIOBICTEOPATE CIICTYTOMett cIiieTeMe ypaz-

IOl
_szynmlmg — n(n == Q)Ynmlmg:
niflynmlmg = mlynmlmga ) (459)
A/[’_)Ynmlmg = m2Ynm1mg:

e 7:=:0:1::2; «:

V2 = (]. + 2127 + 3222) X
& 52 & i
& [(1 3 2121) 8z13 FAl h 212983132'9 3 ZIzoazlaZO (1 g “ 2) 332839_]

— nneapuanTHLii onepaTop Jlammaca-BensTpam,

. 1({ a8 _ 8 1/ 8 8
Allzé(Z1a_zl—Z18_21)Az_ (Z')a—zo—Z')a_zo)

YeJIoBHe HOPMUPOBKU JIJIA ¢h epUTIeCKIIX (DYHKITIH IIMEET BIT

v 7 dRezidImzidRezdImz
nmimz2+ n'mym, (l+z121+3222)3

>

=05 Jmlmiamgmf_,-




Pue. 4.3: Kontyp /mmmr n3jIyuennsa cHoNTaHHoH pejlakcall TPpeXypoBHeBoro V- aToma
ma mepexoge 1« 2.9 /(5240 ) = 0.1, 93/($4+2) = 0.5, N1 =1, N3 = 1.5. [Tymxrupnoit
JOIHNHH COOTBETCTEYeT KOHTYP JIMHHHI OEYXYPOBHCBOTO aTOMA IIPH TeX K¢ YOIOBHAX.




Two level system in external stochastic fields
and Fokker - Planck Equation (FPE) Approach

ﬁ:ﬁA+ﬁB+ﬁAB‘|‘ﬁst:ﬁ0+ﬁint+ﬁst

He = hQt) T+ 1 (£() T4 +&(8) 1)

o] +
12 (<v>+0) @I pdy = JyJp —pdy )+

4wy (2j+ﬁj_—j_J+ﬁ—ﬁJ_j+)]

Va(t) == {(t) Jo + £(t) €017 + £t -wotJ_}




a_f_ ) i _é_ : wpt 8 3 =2 . =) —dwpt 8 a 9

5 —zlﬂ(t)(azz azZ)ﬁ—é(t)e (az+azz) E(t)e (32+azz) o+
D piap D g il B B gy a8 g

b {az(23z+azz -t o= fl) Fi=(Qil B B oal)| i (8)

5,8 | ,9 9 5

e,
el 2 e G Gp & oy O g
+5[ +z 2]2:)+32((9 + z 2]z)] f.

0z 0z 0z

z 0z




FPE - Propagator for Atom in Stochastic Field

Weak Field. Perturbation theory
White noise

Kubo - Andersen processes

Markov’s dichotomic processes
“Exact Soluble” Model



dp

ot

= g (<oA1 @F pdi—dud B—pded Vi
& & (2f+ﬁf_—f_j+ﬁ—ﬁj_.7+)]
+Kq(t)(2J36J; — J3p — pJ3)

K (8) (Jppd- + T_pJy — pI_Jy — Ty J_p)
+E:(t)(JopJ- + J_pJy — pJyd_ — J_J4p),




f(2:58) =) ) Fim()Yin(z,2)

=0 m=-I1

— (4 0+ Ko(t) + 2K¢(t)) Fi-1(2),

Fu(t) = — (n+ 8 + Ko(t) + 2K¢(2)) Fu (%),

| Fu(t) = 2v3(n—8) Fao(t) — 2 (n+ 8 + Ee(t) + Ke(2)) Fuo(t)

: 0) =
=% 77 (_e,(w)t)+x1+z§1—?b§'ox

+46

1+ %%

¢ t1
Xp |:—2(7? + )t — / f(tl)f(tz)em(h-”) +E(t )(ty)emeolti=t) ) dtldtz] +

a

e [—o: +o— [ / (Qtt)9(t) +26(10)é(E2)e o)) dtuitz]




|20|% = 2, oq = 0.01, vy /wp = 0.012, v/wy = 0.01,< v >= 5, 0¢ = 0.1, ¥2/wy = 0.005




Longitudinal T, and transverse T, relaxation times




ga(w) ~ Re [ e™*(EF(t)E;(0))dt,
[

on = 0.0,y /we = 0.01,7/we = 0.01, < v >= 10,0 = 0.5, 12/wq = 0.005



Dipole - dipole interacting atoms

p= —%[Vz(t),p]—

2
- Z 7ik(1+ <n >) (J_(:)Jik)p 4 pJ_s_l)JSk) o 2J£k)PJ.$.z))—
ik=1
2 | | |
— Y qa<n> QIR 4 p g0 g0 _ 250 p 7O
8.k=1

Vilt) =22 (Jf) @ Jﬁl)Jf’)) _
{ Q4 J_(l_l) + Q5 Jf)) exp(tAwt) + h.c.}



PS(t) Tynmetzic mtave Pa(t) arpewtoic soaTe

asywmatilc smane

ayb -cos(KL) =1, ¢, d- cos(KL) = -1




[lepcneKkTuBbLI MeTOOA Teopuun
rpynn v KOrepeHTHbIX COCTOAHUN

beckoHe4yHOMepPHbIE 0bepThIBaOLLME anredpbl
Cynepanrebpbl 1 cyneprpynnbl

ATOMHbIE KOHOEHCAaTbI

KBaHTOBas Teopus MHpopmMaLnm

KBaHTOBaA NHXeHepus

KBaHTOBasa ToMorpadous

KBaHTOBbIE UrPbLI
20?1 .




Cnacubo 3a

BHUMaHue!




