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AnHoTanus

B pabGore paccMoTpeHbl 0COOEHHOCTH ATOM-TIOIEBOTO MEPENyTHIBAHUS B PA3TAIHBIX JIBYX-
dorouubx Momenax Tasmca—Kammvunrca ¢ mo3unuii [UHAMUKNA BOJTHOBON (DYHKITUN W TUHA-
MUKW JTUHEUHOU SHTPONUN /I PA3TIUIHBIX YUCTHIX HAUAJIbHBIX COCTOAHUN aTOMOB ¥ CUJIHHOTO
KOTE€PEHTHOTrO 1oJis. HaileHsl BhIpaKeHns /I BPEMeH BOCCTAHOBJIEHUsI CUCTEM B PaCITyTaH-
Hble cocTostamst. OTpeIe/TeHbl HAYaIbHBIE YNCThIE COCTOSTHUS aTOMOB, TIPU KOTOPHIX B MPOIECCEe
SBOJIIOIUY IPOUCXOUT «PACIyTBIBAaHUE» COCTOAHUI IIOICHUCTEM.

KiroueBble cJioBa: aToM-TI0JI€BOE EPeIyThiBaHUe, JIMHEHHAs SHTPOIUs, BPeMs PacCILy-
THIBAHWS, AUHAMUKA BOJTHOBON (dyHKImu, nByxdoronnas momens Tasuca— Kammunrca, pa-
MaHOBCKOE B3aMMOEHCTBIE, HEBBIPOKICHHOE NBYX(MOTOHHOE B3ANMOIEHCTBIE, BHIPOKICHHAS
nByX()OTOHHASA MOJIETb.

BBenenue

Oaum u3 Hanbosiee MePCIeKTUBHBIX HATIPABICHHH COBPEMEHHON KBAHTOBOW ONTUKHI
SABJISETCS WCCJIEIOBAHUE CBONCTB MEPEIyTAHHBIX COCTOSHUN B ATOMHBIX CHCTEMAX WU
crmocoboB mX remeparnuu. llepemyTaHHbIE COCTOSHHS BasKHBI B TaKUX 00JACTAX, Kak
KBaHTOBas kpunrorpadus, Gu3nka KBAHTOBON WHMOPMAINN, KBAHTOBBIE BHIYUCIEHUS
u cBsi3b [1]. YI0GHON MOIeabio st MCCIeIOBAHNS TIEPEryThIBAHNS SBISETCS MOJENb
Ixeitnca— Kavvuurca (MJIK), a takxke ee pasjaudbble 0000UIEHUS, YUUTHIBAIOIINE
Hasugue Broporo aroma (mogesnb Tasuca—Kammunrca), muorodboronnoe B3aumoeii-
crue u 1. 1. JIByxdortornoe B3ammomeiicteue B momenax tuma MK wurpaer Baxk-
HYIO pOJib OJarofiapst BHICOKON CTEMeHW KOPPEJSINN MeKIy HCMHyIneHHbIME (hOoTOHA-
mvu. Ing MK ¢ BBIpOXKIEHHBIM, HEBBIPOKIEHHBIM JIBYX(DOTOHHBIM 1 I1BYX(MDOTOHHBIM
pPaAMaHOBCKUM B3aMMOJEHCTBHEM OBbLIN MCCJIEI0BAHBI JUHAMHKA ATOMHBIX HACEIEHHO-
cTefl M CTaTUCTUKA [OJid, CxKaThe, aroMm-nosesoe nepenyrbiBanue [2]. Vccaenosanue
aTOM-IIOJIEBOTO MepenyThiBanus B Momenasx Tuma MK 6pimo manmumpoano pabora-
mu Dennkca n Haiira [3] u ['n-Banaknode [4], rge cooTBeTCTBEHHO € MO3UIMI aHAIN-
3a ACHMMTOTHKN BEKTOPA COCTOSHWSI CHCTEMBI W aHajn3a HTPONUN ObIIO MOKA3aHo,
YTO Ha TIOJIOBWHE BPEMEHN BOCCTAHOBJIEHWS OCIUIIANNN Pabn aTOMHBIX HAaceIeHHOCTeH
B CHCTEMe BO3HWKAET PACIyThIBAHWE COCTOSHUI aroma m mouss. B wmacrosmeit pabo-
T€ WCCJIEIOBAHBI CBOUCTBA ATOM-IIOJIEBOTO EPEyThIBAHUSA B ABYX(POTOHHBIX MOIEJIAX
Tasuca - KamMmuHrca ¢ HEBBIPOKIEHHBIME U BBIPOKICHHBIME J1BYX(OTOHHBIMU IIEpe-
XOJAMHU U B MOJIEJN C HEBBIPOXKIECHHBIMHU MEPEXOJAMU PAMaHOBCKOTO THMa. Haiimenn
HAYAJIbHBIE YUCTHIE COCTOSHWUS ATOMOB, MPU KOTOPBIX B CHCTEME BO3MOYKHA DBOJIIOIUS
C pacmyThIBAHUEM COCTOSTHUI aTOMHON U (DOTOHHO# MOICUCTEM, TIOJTYUEHBI AHAJIATHIE-
CKHUe BBIPAYKEHUS [Jisi MOMEHTOB BPEMEHU PACITyThIBAHUS.
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1. PaccmarpuBaembie MOJeJIA U TOYHOE pellleHue ypaBHEHUS
HTpengmnarepa N BeKTOpa COCTOSHUSA

Paccmorpum miporiece aToM-1oIeBOro Mepeny ThiBaHus [T IBYX(DOTOHHBIX MOIEei
C HEBBIPOKIEHHBIMU, BBIPOXKIEHHBIMU JBYX(MOTOHHBIMY W HEBBIPOXK JEHHBIMI DAMAHOB-
cKuMU mepexojavu. B3ammo ieficTBre aTOMOB ¢ KBAHTOBBIM 3JIEKTPOMATHUTHBIM TIOJIEM
pe3oHaTopa B TAKUX MOJIE/IAX COOTBETCTBEHHO ONMCBLIBAETCHA FaMUJIbTOHHAHAMUA

AF = Zhg a1 as R + a1a2R+)

2
HY, = Z hg (a+2R]7 + GQR;F) ;

j=1
HRaman Z hg (aj agR +aiay R+)

rne a; (af) — omeparop ymmaTowenus (poxjenus) doroHa B i-it Mome mons (mnsm
BBIPOKJICHHOTO CIydasd a1 = a3 = a), R;." (RJ_) — NOBBIMAIONHN (TOHUYKAIOITHIA)
ATOMHBIH OIepaTop B j-M aToMe, ¢; — KOHCTAHTA B3aMMONEHCTBAA ATOMOB C %-i MOIOM
nosd. s ynpomenns BEIYUCICHANH TOMOKUIA 1 = §o = (.
Cunras, 94TO arOMbl B HAYaJbHBIA MOMEHT BPEMEHH HAXOIATCA B CYHEPIO3HIINU
COCTOSAHUI
|‘11>AT(0) = 0‘|+a +> + ﬁl_a _> + 7|+7 _> + 5|_a +>a

rae |af? + |82 + |y|? + |§]* = 1, a none B HauaTLHBIA MOMEHT BPEMEHU TPUTOTOB-
—n/2

7n/2 .
Val

JIJIT PACCMATPUBAEMBIX HEBBIPOXKIEHHBIX MOJEIEH MBI HAINLIA TOYHOE DEIIEHNE ypPaB-
mennsa [IIpemquurepa a1a BOTHOBOH (DYHKIIUN CHCTEMBI B OOIIEM BHIE:

|‘II>(t) = Z (Anf (t)|+a +> + an (t)|_7 _> + Cnf (t)|+a _> + an (t)|_7 +>) :

nf

JIEHO B KOTEPEHTHOM COCTOsiHUU C BecoBbiMu KO3 dunuentamu C, = e

31ech npuHATHI 0DO3HAYEHUA N f = N1, N2 JJid HEBBIPOXK/IEHHBIX MOJIEEH, Ny = n [
BBIPOXKJIEHHON MOJIEJIN.
Kosddummentsr B BhIpaxKeHUU 1719 BOJTHOBON (DYHKIINK /I MOJETNH C HEBLIPOXK-
JIEHHBIMU IBYX(MOTOHHBIMY MEPEXOTAMHU PACCIUTHIBAIOTCS KAK
2c0
Apyn, (t) = @C’m Chry, (N1 4+ 2)(n2 +2) + (n1 + 1)(n2 + 1) cos Qqt) —
1
4p
T 02
0

Oqt
Cn1+20n2+2 sin® Tl\/(nl + 1)(712 + 1)(711 + 2)(712 + 2)—

+4
(,YQ )Cm+1Cn2+1 Sanlt\/ n1 + 1 TLQ + 1 ,

4 Qot
—C;Cm_gcm_g sin? —=~
95

Bn1n2 (t) = - \/n1n2 nl — 1)(712 — 1)—|—
25

+ WCm_lCm_l ((n1 — 1)(%2 — 1) —+ n1n9 Ccos QQt) —
2

iy +9)

q ————C, Cy, sin Qoty/ning,
2



OCOBEHHOCTU ATOM-IIOJIEBOTO TIEPEIIYTBIBAHU . . . 145

[1e%

Cn1n2 (t) = 79_3071171071271 sin Qsty/ning—
p .
- Q_Cn1+10n2+1 sin Q3t4/(n1 + 1)(n2 + 1)+
3
1
+ §Cn1 Chr, (v = 06) + (v +0) cos Qst) ,
w0 )
Dyyn, (1) = *Q—BCnqu’nrl sin Qst/ning—
p .
- Q—Cn1+10n2+1 sin Qzt/(n1 + 1)(ne + 1)+
3

1
+ 50711 Cn2 ((5 - 7) + (7 + 5) CO8 Q3t) )

rIe BBeIeHbI 0003HAUCHMS

Q1 (n1,n2) = V2/ (1 +1)(n2 + 1) + (n1 +2)(n2 +2) =
= Qg(nl + 2,7’12 + 2) = Qg(’nl + 1,’[7,2 + 1)

s Momenu ¢ BBIPOXK/IEHHBIMU IBYX(DOTOHHBIMU TIEPEXOAME PEIIeHIe UMEET BHU/I

An(t) = %cn (n+3)(n+4) + (n+ 1)(n+2) cos ) —
— é—gCn_M sin? %\/(n +1)(n+2)(n+3)(n+4)—

— 2(7; %) Chrp2sinQty/(n + 1)(n +2),

Ot Ot
B, (t) = —%C,HA sin Qty/(n+3)(n+4) + Cryo (’ycos2 5 § sin? 7) _
w o,
— ﬁC’n sin Qty/(n + 1)(n + 2),

Cult) =~ 2 Cosin QT D0 1 2) - gcm sin /(0 + 3)(n + 4+

Qt Qt
I LI R L1
+ Cht2 <5 cos 5 ~ sin 5 > ,
4 Lo O +4 .
D,(t) = —Q—O;Cn sin? 7\/(71 +1)(n+2)(n+3)(n+4) — Z(VQ )Cn+2 sin Qt+

+ ;—f% ((n+1)(n+2) + (n+3)(n +4) cos 0).

3aech mpunATH o6ozHadenns ) = /(n + 1)(n +2) + (n+3)(n +4). JIag asyxaTom-
HOH MOJE/M C HEBBIPOXK/ICHHBIM PAMAHOBCKMM B3amMozeicreueM Kod(hduumenTsr ne
MPUBEJIEHBI BBUY WX TPOMO3JIKOTO BUJIA.
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2. SBOJIIOI_II/IH BeEKTOpa COCTOAHUHA
B C/JIydae CHJIbHOI'O HAYaJIbHOI'O KOT€épEeHTHOIO I10Jid

[TycTh moJie B HAYAIBHBIH MOMEHT BPEMEHHU MPUTOTOBJIEHO B KOTEPEHTHOM COCTOSTHUH
co cpennnM uucyaom (otoroB B Moze T > 1. B pabore masee Oymer mokaszaHo, 9ToO eCan
ATOMBI TIPUTOTOBJIEHBI B HEKOTOPOI CYNEPIO3UIIMN YUCTBIX COCTOSIHUI, a TOJe — B KO-
PepeHTHOM OOJIBIION WHTEHCUBHOCTH, TO BOJHOBAs (DYHKIHS MOJHOW CHCTEMBI B HEKO-
TOpPBIE MOMEHTBI BPEMEHH MOKeT OBITH (PAKTOPHU30BAHA.

Haiimem acuMnTOTHYIECKYIO 9BOIONNIO0 BEKTOPOB COCTOSHUS PACCMATPUBAEMBIX MO-
neneit Tasuca— Kavmmvunrca. [lomykaaccnyeckne raMuIbTOHRAHBI B3AUMO/IEHCTBIS TAH-
HBIX KOJUJIEKTUBHBIX JIBYX(DOTOHHBIX MOJETeH UMEIOT BUI:

Hgg = hg (UTUSRf + Ulngf +vjvi R, + Ulng;r) ,
He = hg (v R + v*RY + 0 Ry +0°R; ),

Hg%man = hg (UngRf + vlngf +vi TR, + Ulngj) .

CobcTBeHHbIE 3HAYEHUs IOJIYKJIACCUYECKOrO0 IaMUIbTOHUAHA, I PACCMaTPUBAEMbIX
MOesieil ecTb

|®1) = = [+, +) +|—, =) + 4 (|+, =) + |-, )],

|(I)2> = [621<p|+’+>+|7’7>76up (|+7*>+|7a+>)} )

N = N

1
V2
3mech @ = 1 + Y2 7S MOJENU ¢ HEBBIPOXKIECHHBIMU JIBYX(DOTOHHBIMU MEPEXO/IAMU,
© = 1 — P2 JJid MOJEJIU C HEBLIPOXKICHHBIMU PAMAHOBCKUMHU HepexogaMu (MHIeKChl 1
U 2 OTHOCATCS K HAYAJIBHON (ra3e moJIst B COOTBETCTBYIOMIEH Moae). 1t BHIpOXK IeHHO
nByxX(hOTOHHOI Momenn ¢ = 2@, e ¢ — HavaabHas das3a moss.

Ecan arombl B HaUaIbHBIH MOMEHT BPEMEHH MPUTOTOBJIEHBI B OJTHOM M3 COOCTBEHHBIX
COCTOSIHUI TOJIYKJIACCUYECKOIO TaMUJIbTOHHAHA, & T0Jie — B KOT€PEHTHOM COCTOSHUU
OOJIBITNIO WHTEHCUBHOCTH, TO BOJTHOBAasS QYHKIHs CUCTEMBI B TIOObIE MOMEHTBI BPEMEHN
MOXKeT ObITh IIPeCTaB/IeHa NPOU3BEIEHUEM BOJIHOBLIX (yHKumil moacucreM. Ocobbiii
MHTEpEC MPeJICTaBISIOT cynepnosnnnu cocrostunii [P1) n |Po) Buma

1 210 . — N —|=
|<I>3>=E[—e A+ =] 1R)=—=[+-) -+

[Bs) = e (|01) — |92)), [ Bp) = ¥ (|&1) + [Bs)).
72 72

ECHI/I aTOMBI B HaanbeIfI MOMEHT BpeMeHI/I HpI/IFOTOBﬂeHbI B O/IHOM nus3 HpI/IBe/IeH-
HBIX BBIIIE CYMEPIO3UITMOHHBIX COCTOSHMUM, a TOJIe - B KOTePEHTHOM COCTOSHUN OOBIMOM
WHTEHCUBHOCTH, TO JIJIA BCEX PACCMATPUBAEMBIX MOJeseil B cucTeMe BO3HUKAET PaCIy-
ThIBAHUE B OHpeﬂeHeHHbIe MOMEHTBHI BpeMeHI/I tdis. I/I3 aHaJIn3a ,HI/IHaMI/IKI/I BOJIHOBOI‘/JI
(byHKHI/II/I CuCTeéM MO>KHO OHpeﬂeHI/ITb AHAJIUTUYECKUE Bpra)KeHI/IH ,HJIH MOMEHTOB Bpe—
MEeHN paCHyTbIBaHI/IH:

pnd _ TVE@m 1) T em+1) TP em+1)
dis 2g(k +1) 4(k+1) 2(k+1)

1 T 2 T
tgis( : = (4m+ 1)%7 tgis( ) = (4m+3)§Rv tdis = TRm7
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Puc. 1. 9Bomonna muaeiiHON SHTPONMA (YepHAS KPUBAA) U BEPOATHOCTH OOHAPYKHUTH 002 aTo-
Ma B BO30YK/IEHHOM COCTOSHHWH (Cepast KPUBasd) s IBYyXaTOMHOM MOJIE/IN C HEBBIPOK ICHHBI-
MU 1By X((DOTOHHBIMI MEPEXOJaMMI JJIsi HAYAJIbHOTO aTOMHOTr0 cocrosiaust |Pg) u My = Mz = 50
(k=1)

1
tRaman _ ﬂ\/E T}(% :

dis T og(k—1)  2(k—1)

rie TR(fR) — [IepUOJI OCHOBHBIX (BCIOMOraTesIbHbIX) ociuisiuii Pabu aroMubIx Hace-
JleHHOCTel, k = Ty /Ty 1Jist HEBBIDOXK IEHHBIX Mogieseit, m = 0,1,2... Crout oTMeTnTh,
YTO PACTTy THIBAHWE 71T BHIOPAHHBIX HATAIBHBIX COCTOSHWIT TIOICUCTEM B yKA3AHHBIE MO-
MEHTBI BPEMEHH JIJI MOJEJN C HEBLIPOK ICHHLIMEA PAMAHOBCKUME MEPEXOJAMHI TIPOUCXO-
JIAT TOJBKO g k > 1. ,Z[(n)ﬂ MOJIETH € BBIPOXKICHHLIME JIBYX(DOTOHHBIMA IEPEXOTAMA
3

B MOMEHTBI BpPEMeHHU tgis = Trm pacmnyTblBaHUE BO3HUKAET s JIOOBIX YHCTHIX

HAYaJbHBIX aTOMHBIX COCTOSHUI.

3. JIumHaMuka JIMHEWHON SHTPOIIUU A PasIuIHBIX
HAYAJIbHBIX COCTOSHUI aTOMOB U MOJIs

BwiBoab! 0 xapakTepe IMHAMUKY MTePEenyThIBAHUSA, CACTaHHBIE HA OCHOBAHWHT aHATN3a
BEKTOPAa COCTOSAHUS CUCTEMbBI, MOTYT OBITH TIOATBEPK/I€HBI IPU PACCMOTPEHUH IBOJTIOIUT
nuHeiHO# aToMmHOM HTponuu. g paccMaTpuBaeMbIX Mojeneil JuHeiiHasg SHTPONNU
peAyIupOBaHHON aTOMHOM MATPUIIbL IIJIOTHOCTH UMeeT BH]L

Szl—Tr(p%T):
2 2 2 2

o o o o
=1 > A4, | + D) BB, | +( D CuCr | +| D] DuyD;, | +

nf:O nf:() nf:O nf:()

oo (o) o0 oo
+2 Y AwB > Bu A, +2> CuD; > Dy Cr+

nf=0 nf=0 nf=0 nf=0
o0 o0 o0 o0
+2) A Cr > CogAn +2 ) A Dy Y Dy A5+
nf=0 nf=0 nf=0 nf=0

+2 i B,,C;, i Co, By, + 2 i B, D, i Dy, B}, |,

nf=0 nf=0 nf=0 nf=0
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Puc. 2. Dpomonusa nuHEHHOH SHTpONME (YepHAS KpPHBas) U BEPOSTHOCTH OOHAPYKHUTbH 00a
aToMa B BO30YXKIEHHOM COCTOSHUH (Cepag KPHBas) [ANd QBYXaTOMHON MOZEIH C BBIPOXKIEH-
HBIMHI ABYX(OTOHHBIMHI MEPEXOIAMHE Il HAYAJIBHOrO ATOMHOr0 coctostuus: a) |Ps); 6) |+, —)
un=>50

0.7 0.7
__ 06 __ 06
205 <05
g 04 g 04
03 i i i 03
— . [ S | — i b
é 02 | ! T B2 ! S

01 01

2 4 6 8 10 12 14 2 4 6 8 10 12 14
gt gt
a) 6)

Puc. 3. 9Bomonua muaeiiHON SHTPONMA (YepHAS KPUBAA) U BEPOATHOCTH OOHAPYKHUTH 002 aTo-
Ma B BO30YKIEHHOM COCTOAHUM (Cepas KpUBad) JJId JBYXATOMHON MOJIE/U C BBIPOK/ICHHBIMU
JBYX(hOTOHHBIMA TIEPEXOIAMH JJIsi HAYAJIBHOTO aTOMHOTO cocTosians |Pg) u (a) Ty = T2 = 50
(k=1); (6) m1 =150, m2 =50 (k=3)

rie my = M1, No [ HEBLIPOXK/EHHBIX MOJIEJIell U ny = n Jid BbIPOXKIEHHOH. 3Hade-
Hue JinHeiiHol suTporuu S = (0 COOTBETCTBYET PaCIyTaHHOMY cocroduuio, S = 3/4 —
MaKCUMAaJIbHOMY TI€PEMyTHIBAHUIO ATOMOB C TIOJIEM.

Ha puc. 1-3 mpeacrapjena BOIONUS JUHEHHON SHTPOMUN IIsT PACCMATPUBAEMBIX
MOjIeJiell B CiIydae KOTePEeHTHOTIO HAYaIbHOTO COCTOSIHUS M0 OOJIBINON HHTEHCHBHOCTH
U Pa3JIMYHBIX Y9UCTHIX HAYAJIbHBIX ATOMHBIX cocTosuuii. lnsa marnamnoctun na rpadu-
KaX CEepbIM IIBETOM IMPHUBEIEHA BEPOATHOCTH OOHAPYKUTH 00a aToMa B BO30YKIEHHOM
COCTOSTHUH.

L7 IBYyXaTOMHOM MOJEIN C HEBBIPOYKICHHBIMU ABYX(MOTOHHBIMY TTEPEXOIAMU JIV-
HEIHAS SHTPOMUS CTPEMUTCS K HYJII0 B MOMEHTHI BDEMEHH, ONMUCHIBAEMbIE BHIPAYKEHUEM
ag 3 9To cooTBEeTCTBYeT HAMYMIO PACIY ThIBAHHIS COCTOAHMI B cucteme (cM. puc. 1).
JL1s KOJITTEKTUBHON MOJIENIN C BBIPOXKJACHHBIME ABYX(DOTOHHBIMU MTEPEXOAAMA PACILY ThI-
BaHUe HAOIIOMAETCS I JIOOBIX HAYATBHBIX YUCTHIX ATOMHBIX COCTOSHUNA B MOMEHTBI

3 .
BPEMEHHU tfllis( ) (puc. 2, 6), a s YNCTHIX aTOMHBIX cocTostanii |Pg) m |Pp) rpaduk
JIMHENHON SHTPONNUU AEMOHCTPUPYET HAJIUYNAE TPEX CePUil pacnyThIBaAHUI, COOTBETCTBY-

IOMIUX BPEMEHAM tfllis(l), tfllis(2) u tgis(S) (puc. 2, a).
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B momenu Tasuca— KamMumrca ¢ HeBBIPOKICHHBIM PAMAHOBCKUM B3aHMO/ICHCTBIEM
JHefiHAsS SHTPONHS He 0OPAIIaeTcs B HyIb B CIydae, KOIJa IOJe B HAYATbHBIH MOMEHT
BPEMEHH IPUTOTOBIEHO B KOTEPEHTHOM COCTOSIHHUU C PABHBIM OOJIBIINM IHCIOM (DOTOHOB
B 00€HX MOJAX U JIOOBIX UHCTBHIX HATAIBHBIX COCTOSHUIT ATOMOB, TO €CTh CHCTEMa MOCIe
HATAJIa, IBOJIIOIUI BCET T, HAXOUTCS B CUIIBHO MIEPEIyTAHHOM COCTOSIHHUN (CM. PHUC. 3, a).
Ecsn ke aToMBI OIPUrOTOBJIEHDLI B OHOM U3 cocroanuil |®g) mwin |[Pp), TO B MOMEHTLI

Raman

Bpemenu t;2 JIMHEHHAA SHTPOIMA CTPEMHUTCA K HYJIO, TO €CTh COCTOAHHA ATOMOB K
HoJisl «paciyrbiBaloTcas (puc. 3, 6).

Summary

M.S. Rusakova, E.K. Bashkirov, E.Yu. Sochkova. About Atom-Field Entanglement in Two-
Photon Tavis — Cummings Models.

The characteristic properties of atom-field entanglement in various two-photon Tavis—
Cummings models are considered both in terms of wave function dynamics and linear entropy
dynamics for several initial pure atomic states and a strong coherent field. The expressions
for disentanglement times are found for each model. The initial pure atomic states, which are
necessary for the disentanglement of subsystem states, are determined.

Key words: atom-field entanglement, linear entropy, disentanglement time, wave function
dynamics, two-photon Tavis—Cummings model, Raman interaction, nondegenerate two-
photon interaction, degenerate two-photon model.
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