%]

Spectral and statistical properties of photoemissions
from atomic ensembles in a cat-state field

V.A. Tomilin, LV. Il'ichov

Institute of Automation and Electrometry SB RAS, Novosibirsk, Russia
Novosibirsk State University, Novosibirsk, Russia

PUCA-2017, December 20, Novosibirsk, Russia



"El Outline

® Description of the field state
® One atom case: resonance fluorescence spectrum

® Many-atom case: 2"%-order correlation function.



1. Cat-state field

State of the field: |C}5>y5 - Yurke-Stoler state (B. Yurke, D. Stoler, PRL 57, 13 (1986))
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1. Cat-state field

State of the field: |CE>Y5‘ - Yurke-Stoler state (B. Yurke, D. Stoler, PRL 57, 13 (1986))

a)ys = %

(|m)c + 1| — m)g) |a) ¢ - Glauber coherent state
aysla)ys = ala)ys

Definition through YS-operators:

fh -1 -t —umh

&YS — ezﬂﬂ’aG aYS = (IGE



1. Cat-state field

%]
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- ays|la)ys = ala)ys
Definition through YS-operators:
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Problem with cat-states - rapid decoherence under photon loss

U

Need field recreation mechanism for steady-state interactions




2. Cat-state source model
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2. Cat-state source model

. X

Analogy with Glauber coherent state generation:

coherent
steady-state

Source (resonant oscillating dipole) + damping (Markovian photon loss) =




Interaction with 2-level atom: Ha = ASg Hi = Magés + &TG§_)
Otptot = —1[Hat + Hint, prot] + Apn|ptot] + Nat[prot]
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Interaction with 2-level atom: Ha = ASg Hi = Magés + &TG§_)
Otptot = —1[Hat + Hint, prot] + Apn|ptot] + Nat[prot]

- P Yer ~
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Coherent feedback through stimulated excitations: &G|@>YS — Of| — CJf)YS
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’E 4. Single atom case: steady-state solution

Field has many photons:

gl > 1= p>rv=(ay —ay) <1

Slow atomic evolution:
v > Ay, A
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Field has many photons: Ansatz for the combined state:
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5. Single atom case:
| spectrum of resonance fluorescence

Classical expression:  S(w) ~ ReT'r [§+(u.:)§_ﬁgf}
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E 6. Many atoms case:
| master equation & irreducible tensors

N
N 2-level atoms: S, = S};S m=0,+ H, =AS; Hint = Mac:
i=1
Slow spontaneous emission:  Oipior = —t[Har + Hint, prot]| + Aph|prot]
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Angular momentum j = N/2 => convenient to use irreducible tensors:

27 K ,\ ,\ )
O = Z Z Oﬁqfan Opg =TT (T,IQO) (S, Tieql = VE(K + 1)C§§;;+HITH gemi m=0,%1

k=0g=—kK

w1,k vw,1.K

dthsq — _'EAQQM + (Cq+1,—1,qFH q+1 — "'q—l,l,qF"i q—l)

thtlgfh(fl + 1) ( \“L;?]_,H: (’WH..].,HZ )
1

g = : Ok ’ G- Ok
. - _ L _|_1 Ao Y g—
q I +1Aq g+1,—1.g5kq q—1,1,g=K4g




E 7. Many atoms case:
|| 2nd_order correlation function

Heisenberg picture:  G(t) = Tr(S. S, (t)S_(t)S_5")
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Schrodinger picture: G(t) = Tr(S.S_o(t)): 5(0)=S5_5"S,
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/. Many atoms case:
2nd_order correlation function

p= 10\, v =3\, N =25




Conclusions

Steady-state interaction regime between atom(s) and cat-state field was studied.
Spectrum of resonance fluorescence was calculated in the case of one atom.

The (classical) correlations that build up between the atom and the field are
responsible for suppressing sideband in the resonance fluorescence triplet.

For atomic ensemble with many atoms, steady-state density matrix was obtained
and 2"%-order correlation function of atomic photoemissions was evaluated. The
results differ drastically from the case of classical (coherent-state) field.
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