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ZHOCA I ST R R RE SRR E AR, ERTHEED. BPHERY R
W PR T M 4P SR EAA 2N MES T FRE, BOR TR RS AR TR AR
TSR SRR [ R A S BRI R 200 TS e B T IR R BT g s 7T R
PRREESSE o AfTHE R — P v RO PR ER, SSEG T B 26T KBRS I T i
ECA 24 B LA TSR R .

TEAT AR — SR R, R T Al T RERS RGO S Y R R GO, N IRR D
AR MEROVAR B T HA- B0 L B A A IF T, th Jaynes-Cummings (JC) RERAGH= A3k
A VU A 20 TSRO, I ISR G TRLIERON., H L BLRA WA 0 11 1 B T
HE 1 SRS, FSESE T IHAEM NG 5 II RIS T BB R, ORI RNT T BT R
PR R P22 DU R S e Ak R P20 BB 2 BE . SR, BT R 0 AR G TP %
WAAARSR BP0, GRS LR AT IRAS 50 B BRI S S R TR S SRR o Ay e M B B
JET IR A FEBUE T H B

HIFER, 26T 2S00 T R A A A R s A SR X — A H T IR, RG] T AR Z BT %R
26T RSB R E S E R B 26 T IHREC L], PRS0 Tt TR R, iSRS
TP A, (EBNIRAMEAR L. S RIKEhE R DA SRR R BT, tREAS A AL
FT5 T  RE IS BR ], SEFOROE T3 2 S W T o RSP0 20 BRI, RO T s [ e B o R
SR S RAARAE , BIPRS00 A2, TS [5G 5-% 2 (i) DU R0 s P S P s ) S S8, R g ]
EA A E PR, e T BRI DA B i W o B v A S s O 4R
1M, A SR 26T RSy SR R KR IR A RS AR PO A e 2R sh A Y B 1
SRSV, HRTESE I S I SR AR B T G — s P . Besbh, 2RO RAARE R H—
Py SR T BT, BN BE TIRS RO ET IR H 7 SIS LB, e R B P SR B IR T
52 I) 0 I VA 5 R 3 AT AR X e 2 T4
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MYEBLH &, G e i & T A R b i RGBS SO R AR L R g - AT E A
[ T2 Z AR KR, e o SN Eh e MR e i T2 RIL, 5 RERS [R] s AL 2 g
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W FAEL IO ] AR, BT X— BB, AT T EAXOET JC B SPURM &
A R T R A, g AR S R SRS S R TR R AN o R R BRI
giE EOrRERETT R, RGEHTTE T AR F T R R SRR A RS TR I TR R B W
/R 28 L) 0 S Y N BT 62 eV 1 o N T 08 o @ 2 RS K3 1 i 6 ISV 6 Sl NS S8
Jeyasia), RIS RO TR 2400 R IKEh , XGE A EE B LS . T AR R E B
MOET A SPF RS E AR, R RG-S 006 TR Al KA 5a 4 S A, ATTHE [F]
— SRR N IR G2 LA . PRGN, SRS sUR U AN T B, d2ik
SE BTGV S SR E . AN SCR RO RE T IR R . U B AR A . SOV R e S — AL
NZ AR ORI BT AL TR BB . %07 b T R SR SRR LA R A TR T S 4
ZHFE, AR LR TSR T TUEPA KR By e TS TR P SR A

2 HEREE HH R %

2.1 HigER

B 1 IREhEFEADIGEE Jaynes-Cummings #% , (a) FAURERE: (b) BIRFRESURE R
Fig. 1. Drive-selective dual-channel Jaynes—Cummings model. (a) Schematic of the proposed model; (b)

Energy level diagram of the single atom.

NI BN T RS B e R Y BN U RE SR T, ES IR ko RGEHIRER AT KK
FEEME 1P, EPaEP R AELS (g) M le), PINEARS [r) Ml lm). JFEFERIT [g) < [r) M
) > |m) G RBERE G, KGN g, MIMVRKIERAN A, A, ETERIE |e) < [r) @id—A
FN wo GBI RIEIRS, HAL AR Qo
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TEREBGEMLT (M h=1), ARG EHEIS S

HO = wC a/ + UJTO—T'T' + werUmer + wegee

+ g(a'6, +He) + gla' 6, + Hee.) + Qo(Gepe 0" + Hee.), (1)

w; FARITE |g) = |i) FBEHR.
I RO, 51 LIRS

U = exp {—i [wp(dT& +Grr) + 20WpGmm + (Wp — wo)&ee] t} ) (2)
TEZRESZ R T, BEbE (1) vl

7:Ll = AC&T& + Aa‘rr + A7716-m,7n + Ae&ee

+ g(a'6, + a6 + Hee) + Qo(6,, + Hoc.), (3)

;H\:E'ja Ac:o‘-)c_o‘-)p ?‘:’H?égiiib;lhv A:wr_wpﬂ‘j |T> ﬁﬂgi‘%%%i%? Ae:we_wp+w07 Arn:o‘-)n’L_QWp
A3 MR BT X0 TR .
MARGAET IR RIEXI, B [g/Al <1 H [Qo/Al < 1B, HRIES |r) WA B2k, 3 TF AL

W

HEHI

Hy = Acita+ Ao + (AL — xaTa)6ee

+x(@'at 6, + Hee) + T(al6,e + al60, + He), (4)

Hep, AL = A — Q3 /A NBIERIARCRIE. x = —g?/A FALARHIOET IC BALEB A, ks
l9) 5 |m) ZIPERERT AR FROMTIRIT: T = —gQ0/A HRGIKRY JC 4, 21 A5 A T %
RIT AR . —H L E T ik RIS R 2T 30 12T 4 -

T RO B2 5, A5 AP WSR3 . TSN, FIRIKEi S AL
Q FHISCA P B R R B 2 IR S Qo A RGBS . b, Qo T RIS b gt
B AEAROET IC MBI, THXER Q WFERENTAR [e) 5 [m) Z 1A 5 THREH
FL H— T BT IR Heay = n(a” +a), IR w,. BREBREEN 0 o H BRI TR
WIS Z IR RIS Hatom = QBem + Ome), FP Q NHBIF FIREHAL AR, FIKah R Mk
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Jedn A R, TSRS (e S N FRERAT i E . PIRIKE A TS S ], AR R EOE T RS S R0
T ARG T 2R

2.2 RS SR

N TR A I A T T AT M BRI, FNTEHE—L oG Bonw i (4) PREIESH.
TEZIE R RIFIREN A, Wbk R LR BT R N = aTa+ 6ee + 267mm, PRI ST /E A [
WO T N B AL, AT PAZS BIHE B 5 XOE TR -

MTF A TR (N =1), BEEX {|1,9),10,e)}, MEBHEAFE Y

A T
O , )
J AL
SO AT
B =St L R AT AT, )

W AL = A, i, FafEl B = A+ T, MM BRESAR SR AR B GT E N
Ac/j = +1. (7)

RMEATEE A R AR P PO IR e, R EET A O B MU T ASTA] Y dressed-state St
PROE . FEIRHAR, BRI T A MEREA RS x, Bl x AU TS 25 H
R S Ok TS IR RERE A5, AT 2250 1 i H i i Bl 1 R S Al

BE—2P S E 7R RO T AU SR RETEHILA] , TN 1B ZE0UR P25 R (N = 2)E5K {[2, ), |1, €), [0,m)}

T, ARRE RSN

H? =2z n.vo.—x T |- (8)

XTFROCT RS, AT A, =28, AL = 0. FEIRAM T, 12, 9) 5 10,m) HAMIEMRAER 24,
HEW RO TR M. ZFZ IR, V2x MXOET JC R E A, XY T A
T5 T NIRRT Z [ B0 TR RS, AR TR0 T BRI iE -
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SFUEFER, & (1 e) g B AT T 535 (2,9) K (0,m) KARME, XK TSR
H CEHERUETERE” 5 “GEREOE TEE” R =AERaEH. Hh, PR [1,e) iR
Ac = x, MXFTIOETHARSAAAARKNE, Nk E2hid B S 53 2, R0 3HR& M
FERBMEIE . AT AR BEDS R N SCREAN R RO T AR, I AT T A b ] 4 1 1
BOET -

RO SR 2Tt B RE A det H® = 0 Zyi, AT AT X 5

2A% — 2A2x = 3A. T — A’ + 2T x +X* =0, 9)

2 2
(i) _(AJx;gjifém -1 (10)
AR 445 55 5 PR U B A DU TR 2 £y LU

{EASRIRIG R, AL = 0 Mt T AR BEAUE T o B L B S . %k, ZERAKIF T, Ml
BT BREARE det HD = —72 = 0, Y T # 0 I, BB TRASIRGE RIWH, Ay
FE TR T R H3E5 . Ok, SUHET25 1T [2,) 15 10,m) MORIIFE— 853 T B0k
THRIT, BRS04 5 e A DRGSR T25 1800 3N 24 . e, AL = 0 42t T —Fiv s
BERE PRI : AR SE RN R B SR RO FAEIR , AT S A ) TR T OO ok e 5

R BT I LB TR IR R R K LR RS (et + a) T RS A
FEPR T (N = 1), Bl R BB TR &0 BY = 0 Witk M4 B0 1 9880
FITGLEBE O T S5t ML, T IRENIR (G as +Gne) ATIIS PATBBRIT AL S0 WU 4 T 2500, 9
TEARLE PR & x HORIBN TV det H® = 0 [ 36HRes ik, A SeBliL s 806 T o &5

RS 5 S IR AR, RAFTRERGE N =15 N =2 BN 7200, Bt —2
BB A A [ R BB 5 RO F ARG o 3T — B it , T DATE S W 2 BT it 1 554
KR, SINT KRG G RO T AR R P, T L, By 25 R b ) bl R g
HAB T %0k 2 th AR O R AT R — R — PR
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2.3 RUERIFE

TR S A A P GE R, AR B RAE PO, R AU R R R 4 Lindblad
BT R AERIN B S I T ARCERM LY, REEERAT o MBI AR

d g - Koa .
L = Lp=~ilFa + Fa, ] + 5Dlalp + JDlogmlp, (11)

o, Ho WA ROGEWUR (4), Ha NINEIEEIT Ha = Q6 gm +6mg) +n(a’ +a). 31, & HFIARERH,
v AT AR . FERGEIATE N Dolp = 20p0" — 6Top — poTo. MEAFTERAIRE, R PHELHIE IR
AR, AR DA JGE IR, WL 9/A <1, Qo/A < 1. FELHIRE TR T8 7S A T,
KSR A AITER SETE I W EESERTY . PRSI, RSO g = 2m x 1.5 MHz, A = 27 x 150 MHz, H
A XS EATSCBL RN ED T SR g/A =~ 0.01 < 1, FHIRRIBEY |r) URERAE, 4
PUHRAAFR AN L . B3, AP RIS B R A SRR 2 2" ~ (/D) ~ 1074y,
KRR PR SFERGR 2], TR/ N TR i R RGEE (s sml) o 7R R RIE 4%
T, A RGERGERFIE— e A, B A |r) 1Y B R A 2 B R e 2 WU A 2
{14 PRI FE IO DA e i B BEZRIB TE . SR, bl X SU B IE Y5 5 (9/A)? MUE L, TEAS SCBHIKIER A 2 /)y

THES AR, NS TR 0™ AR . AR — e R AR, AT R T

A 55 P ) A D 58 B DY RE ST S AR SOR A A A (WP SR A), RIERSIE F R RIRBREA K

1P ZE DI PRy R 2, R SRR U AN R B E 1, SRR ARESE T TR

AT DAZ . AN, HTRS () ZEASCRI A RS A , FLHH e MR A TR 5 T
RGN, ARSI T

5T AN R A A G, RT3 AS SRR b g b
(T ! ()" T fa(m)l)

[T, (af (r)]"[a(m))")
Heftn Sm< o Sme M= 1, FRBCVEBE X TIET kB CREE, TR TS
VPEFE O % 0 > 2 i, AT n SETHC (n-photon bundles) Y% SHTY. 7EFIAER 4
P, SIRHAL o) (0) T Th BAAS AR Lo, = 0 FRE], JUob o, WRGSHIERAE. Wi, XHRZAOEL
ASHEI TP THUE SO n = (ala), MEREIHAER R OS4SB4 o1 (r) W7 DA 7 [l s
ST .

BT AR AEZ IR ST, AR T EE. ST e T 258, BEHE ¢20) <1 1A

g

(T1yeey k) = (12)
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BHETIA e, FIREER o (0) < o) (r) DARTII A0 R RAEFE . XET n T ok, WML
g™ (0) > 1A g"TI(0) < 1, ABIRERIE 0 BHEIRAGE S S (n o+ 1) BRIEIRAGE P A, R
UEFIARIE T2 [ SR AT, BT 07 (0) < ) (7), AT BRIIE  Z Hi Hh O RS O T ok
AT IR PER n TS 109% . mRimNg 2, ASCIHER n T3 &S (n-photon bundle
emission) R[] T X206 TN %4 (multiphoton emission) o HA UL IF AR H—
il Fock 754, Mg A S AEGE v S0 T0A n AT — AT XA, BN Pt 7 2 50
B, TR T o WD NS RAAT R . BB, n T RS B U T ] 9095t
i A SRS TR 100,

TESCHRMIE T, B SRR g1 (r) AT Hanbury Brown-Twiss T#5{E Ball R 15 1 g (7)
SRR TR ST RSO T 1o 5 P U 28 1 O TR B SR BT, esb, A S th e vy
ST 4 F RS A P B ST 2 BT G S, PHNE B IR A SR A s iA R B
SR PRIV BE GRS o8 T A DR AN AS DA B A A K O BT (R s, i &
HIEEE I T RE S TR IR S BRI i, TTRERKAT |g) > |r) 5 |r) > |m) FIIAE & 3[R — T
B, MZMIRSAET o) < |r) BT, ATTSEBIA SO 0 1Y AESAS & 407 . 25009 2 AEZLIEE QED
TP ST Raman i B AGH SO & LB EAE A THRIS AT QED 523 b33 " i if g 5 9e s 1057,
LERUERIL R, B35 R Fock Z5MTr b ATk 8, HBOL TR ) N =10, Mt B gl
ST, I A R (I AR SO DI A B SR ) BB e BB 40 S
k= 2 x 15 kHz MR RERERANIEY, BB THRCENE 7/k = 0.1, T 2006280 2
Ap =200 TEMCERE L, (RRETTHSHCE S AFERIAE A, IR AT . QU aHRE 7. &
SUORTORE AL EREHIREE 0 DAK BT HRENHL AR Q.

3 ERULER

3.1 [RIREDERE BT AN

AT TIRED (Q/k = 0, /K = 0.2) I, TATRB L TIIREE AL = Ao B2, BlsE x/k =5,
TR R 917 (0) DA T4 THL s B A/ x LT /x BB 3R, FEBHES TR 40 1 P 2(a)
1 2(b) Fir. B T /x IR, VR A T8 5 TR TS0 R BTl P i 1 R A B 4
ARSI O TR ZE (A0 (7)), T 0L S5 BRSSP B T S DA A LI S B
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YRBNZEAE T B BTt R B TSRl Y é%ﬁéé%ﬁj‘)@ﬁy%i .

(@ 45 0.12

0.06

0.15

0.05

1 2 -2 -1

T(zi/n)
2 EREh R R TR, SR AL T R IRIREN A (n/k = 0.2) F, BEE x/k = 5,
B BB Logiolgt” (0)] (a) RN THETHL na (b) B Ac/x B T/x BER, FAELERIE
SRR BT 3R IR s () T >0 R OB THIRE (5 403 4RI logiolgt™ (0)) A1 n, Bl T
HAE(ERIZE s (d) 78 T/ =5, x >0 B, IFEEIE TR (2 L450) #9 logiolgi? (0)) Ml n, b x {978
RHIZEs (e) B (c) H x/T =4 XIRiH 62 (0) 5 ny Bl Ac/T BB, 75 Ao/J = £1 T H IR E 8
N T RS () Ao/ = 1 IR B SR BRE o1 (7), o i S SO B, B T 30
THYE. b () WRBIOREERT 76 TR
Fig. 2. Cavity driving selectively excites the single-excitation subspace, yielding high-purity

single-photon emission. For n/k = 0.2 and x/r = 5, log;,[¢\>(0)] (a) and n, (b) are shown versus A./x
and J/x. The white dashed lines indicate the analytical single-photon resonance. (c) log,,[¢\* (0)] and
ns versus J along the upper-right resonance branch; (d) the same versus x along the upper-left branch
at J/k = 5. (e) logy,[9\”(0)] and n, versus A,/J for y/J = 4, showing strong single-photon emission
near A./J = +1. (f) ¢! (7) at A./J =1, exhibiting antibunching; the inset shows the photon-number

distribution.

o T B AR R, TG TR P, R T > 0 KIMY o017 (0) (k) A
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ne (21%%) B T MBI, W 2(c) Bk, WARE, BEE J HK, o2 (0) Sk, MikRE
PP SRR B R, TS R R, P THR n, B2 T RRE, IF
1E g% (0) BUHHAMMHESFIEM . X—FT AT THFBES (photon-induced tunneling) 56T
PLIE R SE LR, TERESREN T, RGBS af ok, BRI AEE A T4 (N = 1),
W T BN, R IAR G ML T RS, 2L TR, T 2T B 00 T FH S0
W% T WK, SO GIER, RO TS RO6 TR TS A SRR SR B, R WAL
FT RSN, FERUE TROTONE, ¥ AO6 T ARSI, W ¢ (0) > 1 UL THUEA. 4
T R, REREERTE LR, WO T T2 AR T YO T T2 B A B s, I —
ST PR BN, 3R EHE AL T I 2 sk

B2, B T /e = 5 IR v, VR T IR A AREL x > 0 i ¢ (0) (k) F
ne (L02%) B x BZEAL36 2, W 2(d) Fm. ATDAEH, ¢ (0) 5 n, MBS 2(c) T T 7
R, Ik 5 R, FISOHR, BRI FIRR T BB, 4 x ~ 0 B, (R ARkt s, R
ST ISR L, (E P TR At Aeee, REVLE TS A R AOE T T2518), %
ST LA, B o1 (0) Bk, XERRZZM AT R AIERE . B x Bk, AOET JC Bk
PR, ORIk 28 1 2 I AR LR, TR AU R T251 (N, = 2) HIX Tk
TSI T . O A B R AT A B TS G R R RO TR . WA [xI/T 2 0.7
N, R A S BRG JE R, WU TR A eI, T MOE TSR IR, AT g1 (0)
el T, SCHLR AL O T BT

ST, x 5 T A B A R AR R A R R IR AR, P R34 St
PG R . AL H MR, AT R R SRR R T, SSPMOET A R S AT
PHLZER TS, MTXDE T SE bt R I PR AN . B 2(e) 4 THE J/k = 5 H x/T = 4 &IFF,
T EHEERE 97 (0) SEEDETE v, B AT WAL KE . TTAE R, BT R R B IR
AT =+ HHE, W AT TR . B Ac/T = £1 Ak, MR ERFIM R0 P AR
B EBER BT E 01 (0) = 5.25 x 1074, FIRMEREE I T TR ny ~ 0.1, IR RIS TER TS
BT SE ALRE O T

it

B TR HERE 25 b IR 56 B SC B BRI o3 (7) A5 BIBRIE , AP 2(F) FFR . T ILBAZE ot (1) >
9(0) | AR ELA B S IR | BRSO T2 A E T B Ak 1 SR 56 o BB sk, o2 (7)
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TERERE 7~ 1/k = 10.6 ps FBWHER A 1, X6 T R S f . X R IA R BB AERD 52
I ] RUBE PRI S SRR, Bl DA & 5 R B X G T B B2 . 4t
RSN TH b(a) = ap(a) /ns (Fr p(q) = (gla’alq)) TEE THESAE BRI, XTI (1) = 0.99954,
T e B G T S e g S A, i 2(f) WAREI TR . XS5 RS U R R A R O T &
T GEEWIRAH R R EC S G T RO AT ABIA , TERSIRBIARIE N, RGBS SCARHE Sl s . S5 A
KR A A B0 1 &t
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3.2 [RFEaEFHMAEFRE G

(3 )]

|
Ax RPN 5 e
3 BT URE PR R O TSI, SEIR RO TH S . (a-c) FEETIRBIA&ME (n=0, Q=
0.7) F, FEE x/k =5, ZBrBEE logiolgi” (0)] (). =K BRI logiolgl™ (0)] (b) VAR T
BT s (c) BE A/x 1 T/x W5 . P FSMRITIIROE T-4E0R M e (d-0) WAL T35k L
I 97 (0) (d). ¢i7(0) (e) WAB ny () B T MAMRFR, HALRRIELA BT T >0 At
. (gh) 18 x/6=5F1 T /x =3 &M F, RBERECSETHEE AT B8, R TIOE TR
. (1) BT SEREL o) (1) 1 g8 (7), BRI To 5 SR TR S HPE . IR B e T80 <
Fig. 3. Atomic driving selectively populates the double-excitation subspace, resulting in high-purity
two-photon bundle emission. (a—c) For n =0, Q = 0.7, and x/x = 5, log;,[¢\” (0)] (a), log,,[¢\* (0)] (b),
and ng (c) are shown versus A./y and J/x. The white dashed lines denote the analytical two-photon
resonance. (d-f) ¢\*(0) (d), ¢! (0) (), and n, () versus J along the resonance, with red and blue
curves corresponding to the left and right branches for 7 > 0. (g,h) Correlation functions and n, versus
A./J at x/k =5 and J/x =3, showing pronounced two-photon emission regions. (i) Time-dependent
correlations ¢\* () and ¢{* (), confirming two-photon bundle emission; the inset shows the

photon-number distribution.
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SRR TR (/s = 0, Q/k = 0.7) , & T IR G THE IR0 TR 5T, FATHEHR
AL = 0. [ x/k =5, WHXKEH 917 (0). 17 (0) ABIENTEETH ne B Ac/x R T /x WAL X
F, HBHE A 3(a-c) Bk, FIAEE], FE00E THIRIIEE (11 0ER), REERFESHK
Il 2 B RO TR, EIE 017 (0) > 1 H ¢f¥(0) < 1, kMRS T Bt & e T,
i =6 T B S R AR B . X — 455 S KB T IR H . E S TRRSN R, AN 8 ek N
W TS, WS S R G B e T, I RS B S B L Gk T2 (N = 2).,
FIE, ROET BT MR P S , T 2 T2 E MG, i e RO T 3 S5 4T
K.

H T ISR HE AR, TN TR TAHRAREL 7 >0 KIS ¢ (0). ¢ (0) WA n, B T
HAEIL X, AP 3(d-t) Fr. A RIL 4y IR AUE FHARM A 4 SR % . TS, B
T/ WIR, SCHERR KM AR, S I, 6 3R 2057 1 95 O 2 3 100 S BRI T S
AR, H A R AR B ERAOAOE TR UL, fERRn T K, RAIEAOE 1% 4t
SRR T [ SRR R (P THL, T% RGE RRAE e 5 B A P T SR RO T

FOpy BEAILH T IR RO T HARS A B AL . TR TIREN N, RSl i PO T B SO806 T
WA EREIEASOR A 72500 BiE T 3K, JUBRRGHE, by SRS 23 18] mDBURCA T 25 8] 4 BRT 5

Eak, MRS RO T SR [, SOET JC RS MM ik 7250 (N > 3) X RU%
Ry A A RS, A REN R =00 7 RS prid A, (000 7 A SRR el B« (AR 2
MEE T I x i, AEREE R RO T A EIRW, R RXO6T AR R AT . X
VLI B FE LA R T AERE RO TR, T AR L W AT BERIR R AL SR IR A5, AT 155 X0 i
PERE. BHIL, x 5 T MRS R e XOG T A R S e T

Il 3(g) A 3(h) JER T x/k =5 H.J/x =31}, 9(0). ¢ (0) AR no B Ao/ T BIABLKR . TR
1], 7 = A SEARI 29 1 BT 200 A S B, A TR 2T € DT 7 o H e A o e 4 B
T BRI FE Ao/ = —3.6 1 Ao/x = 3.96 &b, 4 5453 612 (0) = 1.13, ¢!¥(0) = 9.31x1073, n, ~ 0.22,
DA g2 (0) = 1.24, ¢ (0) = 2.38 x 1072, ny ~ 013, KELIREN] | (KRB IEREHR L T2 B IR
S AL T 4

Jo T BRSO T AL, FM AT T Ac/x = 3.96 KRNI X EEL 017 (1) 1 687 (7),
P 3(1) B . REMEAM 917 (0) > o (1) M 65 (0) < o (r), RIIBANETAER N ZIIARATH , 10
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R T2 R B SRR . 3 T AU T3 R A R
AL, R RS TR ISR, B 2T SR B B . K, P(1) = 0.84 F
P(2) = 0.16 Bt THAUK R RA FEA Fock SRMGHES . TEMMIE, SO THREHIH 5z
FIHRIETF RBERBE 017 (0) > 1. 917 (0) < 1 DA g8(0) < g8 (7) S84cb, TH ARZHREAZAOL T
Fock AR TR0 TSR . 45 v TP 1] E R 4 52, T DA A 28 LA R F K08
TR L . A M FOA SO TR SR AT AR ), TR THRBN & I, 1R %
BB R P E DA T S0 2 A S SO AR 2RI . 1 S 5 Rl B 251 S S0 B T 4
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Fig. 4. Coexistence and controllable conversion of single- and two-photon emission enabled by competing
excitation pathways under dual driving. (a—c) For x/k =5, Q/k = 0.7, and n/x = 0.2, ¢ (0) (a), ¢\* (0)
(b), and n, (c) are shown versus A./x and J/x. Red and white dashed lines denote the analytical
single- and two-photon resonances, respectively. (d,e) Correlation functions and n, versus J/x along the
resonance branches, showing nonmonotonic evolution of singlé- and two-photon emission. (f)
Correlations and n, versus A./J at J/x = 3, demonstrating continuous tuning between single-photon

emission and two-photon bundle emission via detuning control.
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Fig. Al. Benchmark comparison between the effective model and the full four-level model. (a)
Second-order correlation function g§2)(0) and (b) steady-state mean photon number ng as functions of
A./J. The blue curves are obtained from the full four-level model, while the red curves correspond to

the effective model derived via adiabatic elimination. The parameters are identical to those used in
Fig. 2(e), with x/J = 4.
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Fig. A2. Fock-state truncation convergence test. (a) Second-order correlation function g%z) (0) and (b)
steady-state photon number n, for different Hilbert-space truncation dimensions N = 5,10, and 15. The

parameters are identical to those used in Fig. 2(e), with x/J = 4.
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Programmable Control of Single-Photon and
Two-Photon Bundle Emission via Drive Selectivity™
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Abstract

The generation and manipulation of nonclassical light are of fundamental importance in quantum
optics and quantum information processing. Although various mechanisms have been proposed for real-
izing photon blockade and multiphoton emission, achieving programmable control over distinct photon-
statistical behaviors within a single cavity quantum electrodynamics (QED) platform remains challenging.
In this work, we investigate a cavity-QED system consisting of a four-level atom coupled to a single-mode
cavity and propose a drive-selective mechanism for programmable control of photon statistics. Operat-
ing in the large-detuning regime, the intermediate state is adiabatically eliminated, yielding an effective
model that simultaneously contains a two-photon Jaynes-Cummings (JC) nonlinear interaction and a
cascade-assisted coupling channel. By solving the quantum master equation and analyzing high-order

correlation functions, photon-number distributions, and time-dependent correlations, we systematically
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study the nonclassical emission properties under different driving conditions. We find that the cavity
driving and atomic driving activate different excitation manifolds and therefore lead to distinct quan-
tum statistical behaviors. Under cavity driving, the system predominantly populates the single-excitation
manifold and exhibits strong photon blockade with pronounced antibunching, resulting in high-purity
single-photon emission. In contrast, atomic driving preferentially excites the two-excitation manifold,
where the cooperation between the two-photon JC nonlinearity and the cascade coupling channel opens
an efficient two-photon transition pathway. Consequently, the system generates stable two-photon bundle
emission characterized by enhanced second-order correlations, suppressed higher-order correlations, and
antibunching between successive photon bundles. To reveal the underlying physical mechanism, we further
analyze the excitation spectrum. The single-photon emission originates from resonant transitions in the
one-excitation manifold, whereas the two-photon bundle emission is associated with resonant processes in
the two-excitation manifold. In particular, when the states |2,g) and |0, m) become nearly degenerate,
the direct two-photon transition is strongly enhanced, while the intermediate state contributes through
virtual processes and modifies the resonance condition. The interplay between direct two-photon conver-
sion and cascade-assisted excitation provides an effective excitation-pathway selection mechanism. When
both driving fields are simultaneously applied, the system supports the coexistence of single-photon and
two-photon emission channels. By tuning the detuning and coupling parameters, a continuous transition
between these two nonclassical emission regimes can be achieved. Our results demonstrate that photon
statistics are governed not only by nonlinear interactions but also-by the cooperative interplay among
driving configurations, excitation pathways, and spectral structures.  This work establishes a general
framework for programmable quantum-light generation and provides a feasible route toward multifunc-

tional quantum light sources in cavity-QED and related quantum photonic platforms.

Keywords: Cavity quantum electrodynamics, Photon blockade, Two-photon bundle emis-
sion, Quantum optical switch
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