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K 1. Monitor the spontaneous emitted photons from a 2-level atom.
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K 2. (a): angular-resolved fluorescence detection. (b): Polarization-dependent full-angle fluorescence detection.
A 4m-parabolic mirror convert the dipole pattern to plane wave. The ¢©, 7, 0~ emitted photons are routed by a

”"meta-surface” and a lense into three detectors.
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TR AT

Oy = VTg) (e
Co = VTg){eol (12)
C- = VTlg)(e]
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K 3. Excited state population for stochastic trajectories with (a,b): |1(0)) = |e). (c,d): [%(0)) = (|g) + |e))/V/2.
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Y (). ()]
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O = =0T,
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F. SHAMEFHGHETREII
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0)) = lg) (B (3g,h)), FERXMEIT, FATATLGEBIIRE Hegr FIAIED: [9) = ¢olg) + cele), TATH
AT R

A—il/2 —Q/2
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C
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Cq

Q/2
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@ /2 (19)
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B FRIATEM 7. =T/2, 6 = 6. = 0, HIE] (Q1)(Q2)
(Q1) answer:
£ O(|Q?/(4A% 4+ T2)) JERAT, Joi 74 fREA L s £or] LLE LS O (EIEM)

Q2
~ —t/2|x\ —iAt—Tt/2| 5 29
|¢>5,NJ e ‘g> A _ ’LF/Qe |6> ( )

AT B AT BN, X LEERA BARS, R T miinst 2A R Em |g) &
FEt € [0,T] W, IXHE I JCHE S BEALIE R £ i) Hh DA = A

PNJ(T) ~ 6_’7T
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M (22),

7o(T) = ]%wa*cws,m -

=7
VR, ESRIRAZE A BRI, (TR A AL R B, T R R AL
HeAb, RE—Bl5eA R E T HAREARESN, ARTE
[W(TH))s = |9)
BT RRGAEE I (14) 1 Ho IREATHAL, SURVIAR IR T, ¢ — ¢+ T, HEEF—
WKIT E RAR AT
GpE (3h) B, XKHRBEHLERECERIS, e RRILEHRY, L ~ 2/T W T p55 =
A WM. R

™ <L 1/y
PRl 48 RIS Ia], RGP EAL T I Heg HRERIAMER [g). FATHEBLFTLGEML |4 (1)) = |9),
RIS E — X B R TR, B8 Hep BALHITHET L, RS H R
FELAEFIAE LM 2 AU V2 R o 3R RAL LA = e R R T I M EAR AL Z A1 7 DA 4, £ R R
EAPINASE |2 AL Ch) oy 4 AR 7 - A
Q3) answer: B FIR TR, EFGHURRIR T, RGAEL IR TR ETE (V)N ~
|g), BIEFRATRTLAEAL: p = |g) (g, BFUEEN (20) A

v(t) =y
1. BT EPAE

ML (19), i LR (3g,h) MR8, FATRIESE A% +T2/4> |Q? BSR4, BT H &S

S e L JE i Bt B R 5 R G ALIR N — B, I T RERR T R T AT LLEAUN [¢) = |g), &
TR AR AN BR o SRR 7 RO AR (R [L8 30 (82)] X Lb):
(d) = deg(glg){elg) + c.c.

_2
A —T/2

=a(E") +cc

=—-d c. (24)
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Horp
 dydye/2h

A -T2
3N T2
~ 42 A T2
BOVRATER 7 T = ool | gt — g 74 T 20810 doy R doyd,e — do 21, —
BT, o Bk FR).
3 (25) AR
1) SRR F IR T IO PN R T RS0, MRS T ST EN 1, 00 A/2r MERIENT 6m £
2) KWK T, A =wey —w>T (7 LK), BILRERT T/A HEIH
3) KR T, A =wey —w < T (7 KB, RIKELT /A AHRIH
1) MFEER o MRT R WREERIAK, ATLLHLOHEATHE n = VTT o0 ~
1+ Loo, MAKI a FHRT NI, a; TR T AR AITIL .

(25)

G. ZRERIETHE
1. Jg <+ Je
FE (2b) KL, T, =1/2, J. = 1/2,3/2 C&PF T —fRIELT, BEHLB R BB AE 2]

¥, ERPLEE, JeARMRAN A B R, HURZ B R T RER T, BOLR SR IBOR SR
Bent, R K

2. $BAFEHNT ZRBRTHES

FAHIBWE (4) =REHRG, B, ZFEMRGETUH L8 K J, =1/2 & J. = 1/2 &5

1

osrfh )N
il |
A
ostil 1 1] |
| Il
Pee L
\ rz o4l hl ”‘ i
\ T :
0.2 i | I
& Ut
0 AN
la) 0 5 10 15 20

lg)

ir hQ
Mo =k (f-\ = 2) le)el +—-le)gl + h.c.
C1 = JTilg)el, G, = JTala)el

K| 4. Evolution of a A-system to dark state |a) via quantum jump.

fRHOR . EREBASIREM R T =T + T
BAVFIER GRS [0t = 0) = |g), LRFIE (Q1-3).
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Q1) answer:
ANREBRESN, RGN Her A, ARUUTE (3g) MLk . ©T Q < A ki, i (22)
KA, FATH o
[Vhois =) — g /z'F/2€_mt_“/ ?le) (26)

Hrp v = glCIC) + CIC,|5) = TIQ2/(A4A2 +T2) & |g) A T %, FHikiRe

PNJ(T) ~ 6_’YT

Q2) answer:

L (D) CIC, + CLCH (T) s = 1 + 2

cT = 5
Ye(T) P,

o
"}/172 = Fl 2|Q|2/(4A2 + FZ)

1E T B ZIRA B RS, THAA RS, 2 58:
W% P = :

Y1 +"/2

[W(TT))s = Crlv)s = |g)

T RAGKEL NN (14) B Hee WENAHTEAL, REHIGER REA 72K, t -t +T, HFHT—
R B R RS -
S

Y1 +’Yz

[W(TT))s = Caltb)s — |a)

HT |a) &IFAFBOCIHHEE, Hegla) = 0, BILRG” A7 1EBEL © EHHON” A S XN 58
“lg) B” BEET|a) MBCEM A RIS, BT 37 h%Em .
BEHLBCR AT pee FIRFAEILE (4b).

Q3) answer:
PLEFRATAIE, |g) R TH4EEEA P FIMFEILRE o), AFEEEA, IR GE REHE FE AT BT
A
p(t) = e g)(gl + (1 — e ")]a)(al
AT A =
T,2(t) = trace(pC’lT’QCl,g) =y 0%

3. ET

PAi1E 8 amE (5) HEEE TR, HTAEPIDMEKE le1.), BIECTHREE w o HAMR. £
AEH - ELRER, ZFHELT, %@E?‘FD#UZ?E’H’WHT EFE 0t < 1/Awy o WFTAIRE EAFEM T,
AR /NI REIX AN o

FATHE R (5)a Fros IR HOC TN, TR AE A EAER], H R
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K 5. (a,c): Time-resolved detection of quantum beat. (b,d): frequency-resolved detection without quantum beat.
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. H[CICE|Y(8)) s
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J

i 6. Coherent excitation of a 2-level atomic ensemble is followed by coherent forward emission, as can be monitored

in the far-field.
TATELRE (6) MZE TR ZETRELTES, @dRKkMOCERE, AT UEN:
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7) ARSI T AL oy HRE

8) ARl IR T (K R] 73 ik -

IV. RUEREITH) BT
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L
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7. Schematic setup for monitoring a coherently driven cavity field.

B/ IRAE L8 e 3 i IR G Y HE T 2SN E WY Fabry-Perot 7%
XY + FORRLT, JA15E) (L10 X (25))
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K 8. Schematic setup for realizing stochastic function of a coherently driven cavity field.
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K 10. Photon recoil effect. Detection of a photon by detector Dy induces a Cix quantum jump at time ¢, the atomic

wavefunction collapses to [¢(t7))sx = [ d®rep(r)e’®0—0T|r)|g).

Atom wavepacket
=[d? LB + . (rt
IM?) | &@ryr.0lr)g) + . (. 6)|r)e)) Cj:JmMj(r)Ig)(el
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Coherent
excitation Fluorescence Detector array
imaging

K] 11. Heisenberg Microscope: Detection of a photon by detector D; induces a C; quantum jump at time ¢, the
atomic wavefunction collapses to [¢(t7))s = [ d®ripe(r,t7) far, (r)|r)|g), that is, the spinor (¥g,1be) — (Yefu; (r),0)

by the collapse.
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12. Measurement induced localization of relative displacement r = r; — r2. See Eq. (50)
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K] 14. Schematic diagram for a single-atom CQED system. With coherently driven the 2-level atom in (a) and the

cavity field in (b).
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K] 15. Level diagram to explain the rotation frame for Eq. (59).
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K 16. Schematic level diagram of the Jaynes-Cummings model.
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Kl 17. Quantum collapse and revival of Rabi oscillation (From Lukin lecture notes)
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K] 18. Cavity shift across the cavity.
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