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Single photon emission
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Purcell effect enhancing emission rate
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Purcell effect enhancing emission rate

3 .
o3 Afree Q Afree : Wavelength @ : Quality factor
p

472 n V 1 : Refractive index V : Mode volume
Density of final states Fermi's golden rule
1 3
v . = 3
Cavity: Pc ALV p /p o C Q o 1 )\free Q
. — — -
5 o P = 8mn32 vV 8n n Vv
8mn°’v
Free space: py = 3
M. D. Eisaman et al., Rev. Sci. Instrum. 82, 071101 (2011)
Atom & e lons QD ge NV
B M@% “ 1F’I:;nel’r - A“’Ty' % : ; b) Linear Paul trap 2
Magneto- @ g coupling ¢ ?; v (a) —
.?r’:'cal ﬂ %R 5S _ 3=]u0) o H ) k
p 12\ . © 32
H 2=[g.1) 0\0“»;0 [9.0) > W l v e hwv k23
'l’ . " Q“é(;"\ Optical resonator _Y s X al"AVAVAVS — 3
Cavity ﬁ*d\/\/‘»e{m > e.r—'—u'—u- Time 4 I | ko1 K12
) Photo diodes Laserbeam f Y
Exciting laser pulses ?J\_\ul_. Time Y Y —
A. Kuhn et al. PRL C. Maurer et al., A.J. Shields, Nature C. Kurtsiefer et al.,

89, 067901 (2002) NIP 6, 94 (2004). Photon. 1, 215 (2007) PRL 85, 290 (2000)




From single-photon emission to N-photon bundle emission
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N-photon bundle emission-coherent
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N-photon bundle emission-coherent
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N-photon bundle emission-coherent
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N-photon bundle emission-antibunching in bad-cavity limit

1.
(a) p{ Pump Non-linear system  Signal S k

TA

/N -photon sourcg
g2 (0)>1

2 2
ﬁ/ d20) < g ()
)

Kgﬁ)(()) — 0 J

Y. Chang, A. G.-Tudela, C. S. Muiioz, C. N.-Benlloch, and T. Shi, Phys. Rev. Lett. 117, 203602 (2016)



N-photon bundle emission-antibunching in bad-cavity limit

Pump

Non-linear system ~ Signal S,

TA

——————————

/N -photon sourcg
g2 (0)>1

(2) (2)
an (O) < Jgn (T)
(2)
KQN (0) =0 /
1LoF— -
(e /ve = 0.001
0.8} © 0.01
o060
2 1O/y =10 Qoo
S 041 /v, = 100 "
0.2} .
0.0 __©
0.1 | 10 100 1000 10*

Y. Chang, A. G.-Tudela, C. S. Muiioz, C. N.-Benlloch, and T. Shi, Phys. Rev. Lett. 117, 203602 (2016)



From photon to phonon
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N-phonon Bundle Emission via the Anti-Stokes Process
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N-phonon Bundle Emission via the Anti-Stokes Process
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N-phonon associated Anti-Stokes resonances
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Super-Rabi1 Oscillations
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Different from the JC regime

1+)

14,—) (12, +)) y R 2, +)
‘= 13,=) (|11, +)) i}
I = 12,-) (10, +)) S RY
: 1 @l 11, =) +)
':— -------- ) (L)bl ’
ii i » yy IO,—) A |_>
H oy = ) T
"?"(UL lH - |+>
1 12, 4) (14,-)) ' o
$§=i 11,+) (13, -)) | A
= wX_Y_|04)(2-) ~ g
11, -) S
|0'_) | |+>
= : Y -y —t— |0, —)

H=wpb'b+w,oToc+ N o"o(b +b)+Q(e“to + h.c.)
H=wpb'b+weoTo+g(blo+bo™) 4+ Qe“Llo + h.c.)



Super Rabi Oscillation
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Dissipation dynamics with master equation
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Bundles of strongly correlated phonons
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Statistic characteristics of emitted n-phonon bundles
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Statistic characteristics of emitted n-phonon bundles
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Statistic characteristics of emitted n-phonon bundles
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N-phonon bundle emission- dynamics trajectories
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Cascade emission of Fock states 1n a short time window
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Cascade emission of Fock states 1n a short time window
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Cascade emission of Fock states 1n a short time window
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Cascade emission of Fock states 1n a short time window
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Single cascade-emission process of two-phonon
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The purity of n-phonon emission
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The purity of n-phonon emission
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The purity of n-phonon emission
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The purity of n-phonon emission
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The mechanism deciding high purity for large »
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The mechanism of previous work
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Conclusions

» We introduced the basic knowledge of n-photon
bundle emission.

» We proposed n-phonon bundle emission via anti-
Stokes process.

» We discussed the purity of n-phonon bundle
emission and the corresponding applications.
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