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Clip 2: Footer of the title page..
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*This document is the results of the research project funded by the National Science Foundation.
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(Clip 4: Double blind article.

This is a specimen ay title

Abstract

In this work we demonstrate a; the formation Y_1 of a new type of polariton

AT E N EIEA HABISL, (R EF oy, X n] DB LR T R
t:

\begin{abstract?}

In this work we demonstrate the formation of a new type of
polariton on the interface between a ....

\end{abstract}

\begin{keyword}
quadruple exiton \sep polariton \sep WGM
\end{keyword}
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\newtheorem{thm}{Theorem}
\newtheorem{lem}[thm]{Lemma}
\newdefinition{rmk}{Remark?}
\newproof{pf}{Proof?}

\newproof{pot}{Proof of Theorem \ref{thm2}}

\newtheorem i & & i€ & FAE RN TEX BYERIARESS, BIE KFAR
N, FARRYEFRE SN B THE kG im AT, BICTR ML 7Rk 8, ATk
ZRINB GG NTEE G LA s S H.

\begin{thm}
For system (8), consensus can be achieved with
$\|T_{\omega z}$

\begin{egnarray}\label{10}

\end{eqgnarray}
\end{thm}

Clip 5 #5161 F s PA_E AR Y — 521,
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Clip 5: \newtheorem.
Theorem 2. For system (8), consensus can be achieved with ||T.(s)lle < y if there exist a symmetric
positive definite matrix P € RU"=D%0-D and g scalar u > 0 satisfying
-L"P-PL + LllTl,Il +uE PLIITEl PUlT
I= E{UlP —ul 0 |<0, (10)
U1P 0 —)/21

where L = UT LUy and E = UTELE;U,.

d

\newdefinition M TEFTE T HIHNS \newtheorem X N AH[A], BR T F
RAE D DR AERMA. \newdefinition FI \newtheorem PN aR<> &R M Flr
E X IR B A RS
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Clip 6: \newdefinition. )

2
Remark 3. We remark that; when the ratio /1/A tends to 0, the expression AL(r,s) = —(s—r)/(4 (%) +

(r—s)?) tends to 1/(r —s) which is a singular function. This means that the expression AL(r, s) is not
well behaved for the small values of 1/A. Consequently, for the solution to converge, the integrals
of (10) and (11) must be evaluated with a large number of nodes. In our numerical applications
(cf. section 5), we use 100 nodes to evaluate these integrals. With the smallest value of /A = 0.02,
the convergence is good with N = 20.

\newproof A< HI BN FIATE ST UERIEAER, H BAE OGS

(...
Clip 7: \newproof.

Proof of Theorem 2. Proof follows straightforward from Lemma 3 and Theorem 1. However, it
should be emphasized that all possible L, should share a common Lyapunov function V() =
8T (t)PS(t) (see the proof of Lemma 3 in Appendix A). O

P AT DABERT amsthm. sty, ‘EE 5 1 EIRERIRIFTEERINE X.

8. AFHIZRAII SR

elsarticle.cls § & T3RE62, ZIE L bt IR HEVANYIRIELE S T
fHF. \begin{enumerate} an<> Al AJIESEL, % A[iES L 0] DA 81| 3R 1
WA R H B .

\begin{enumerate}[1.]

\item The enumerate environment starts with an optional
argument ‘1.', so that the item counter will be suffixed
by a period.

\item You can use ‘a)' for alphabetical counter and '(i)' for
roman counter.

\begin{enumerate}[a)]
\item Another level of list with alphabetical counter.

\item One more item before we start another.
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Clip 8: List — Enumerate.

1. The enumerate environment starts with an optional argument ‘1. so that the item
counter will be suffixed by a period.
2. You can use ‘(a)’ for alphabetical counter and ’(i)’ for roman counter.
a) Another level of list with alphabetical counter.
b) One more item before we start another.
(i) This item has roman numeral counter.
(i) Another one before we close the third level.
¢) Third item in second level.
3. All list items conclude with this step.

AR, 5 FI RIS RV PR “step” BFRFERAE NPT A I
H S KA.

\begin{enumerate}[Step 1.]
\item This is the first step of the example list.
\item Obviously this is the second step.

\item The final step to wind up this example.

\end{enumerate}
(Clip 9: List — enhanced. )
Step 1. This is the first step of the example list.
Step 2. Obviously this is the second step.
Step 3. The final step to wind up this example.
J

9. ZX5IH

fE L AR, SCEPNER AT DU A B BERE. @R X E P IERRIZE X
SIRARK. B4, Fig. 1 AR EIBRISOR, MEMRIZE X5/ \ref{tiger}
R 2 EEAR B BB RER: Fig. 1. AR, Ref. [1] A BOVBETERE; 1E#

[12]
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FRifE X PR R D BT S LR R TR 2V, BRI
ok, TR EE 2 AR S, XRIIMTS— M E AN E R REE
e R amssymb, XA T H WBRFS, W < (\lesssim),
> (\gtrsim) 8¢ 7i (\hbar). FEZIH I TX RSN ZEZEET msam
msbm FK. AR H P UL ZE/DERFS, Flil o (\Box), AL A] PAZIK
latexsym 7= 4.

WEAPERNS — SRR AREIT. YA fEH elsarticle.cls 1£
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ITEEAEIRN 224pt (3+ HHFIRAERE Y 5+ HAF). fEIXREOR, 1 sk
AT A TR B B A 2 PR 2. K, AP R ERAEIX
AR, TE B 28 7E f N BT HERR (AT THO AR 28 SC kY, 16 A F SCRS 2R IR IR 1%
EEIISE, AP A UEE MR AR S EE Y WA BT 7T, X
YETE 4. FIUL AR X AV P AERRR RIS IEAR AT 2 XA 31T ().
elsarticle.cls X35 H P AANETE A E R R 2 2 SORY. IXKAE 12, 2%
Rt TE At —25 e,

13 1) 2 F R 1A

YFZ Elsevier HIFIEADDAZFTEN. H T IRENAS B9 DT i {56 A B8 BE AT ST A,
AR ERITEIN R %, X B — BT, U equation 6, EIFEHFE
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Here e, m are the electron charge and mass; p is the electron momentum. For the quadrupole 1S
transition in cuprous oxide the energy of interaction can be written as:

F (X) - Ga(x, y) Gn(x,y)
ZAnf _BC f f YA+ By | Ax+ By ®
Here we introduced the initial state of the system, which transforms as irreducible representation
1F+ of the cubic centered group Oj,. The final state is the ortho-exciton state which transforms as
3F+ . in Cartesian system or as 31";'1 » in the corresponding spherical basis.
Hence using (1, 3, 4, 5), one can deduce that the the coupling of the spherical harmonic
compared to the plane wave (fig1 2 = 124 peV) is resonantly enhanced:

Hl{E

Hiﬁ%‘tﬂ]lﬁﬁ YFARS

81,39
812

Here we utilized the fact that B} 29 < A} §9

= —i0.06b) 30 (kro) Ay3, (o + 67) (6)

While the resonant enhancement is provided by the
b1 39 Mie coeflicient here, the translational coefficient reduces the effect. That is why if one tries
to couple the evanescent light to the dipole transition the effect is much weaker as A% <« Al

1,39 1,39°

J

= SASE AR 3+ AR R HERR T, — B AR RAEE S WAL E Y

11, RS 25 A2

-

Their e)&iiicit expféésion can be found, for instance, in
[12, 9] and are explicitly listed in the Appendix.

The bulk (incident) and evanescent polaritons in
cuprous oxide are formed through the quadrupole part
of the light-matter interaction:

Hine = LE;‘,S p
18
Here e, m are the electron charge and mass; p is the elec-
tron momentum. For the quadrupole 1S transition in
cuprous oxide the energy of interaction can be written
as:

ZAnf X
®)

Here we introduced the initial state of the system, which
transforms as irreducible representation 11";' of the cubic
centered sroun (.. The final state is the ortho-exciton

Fn (x) G (X

o Gu(x,y)
=B'C fdxfdy Ax+t Bny Anx + BGM and the quadrupole exciton wy; ~ wis the EP

Figure 1: The evanescent light - 1S quadrupole coupling (g1,) scaled
to the bulk exciton-photon coupling (g12). The size parameter kro
is denoted as x and the PMS is placed directly on the cuprous oxide
sample (6r = 0, See also Fig.2).

3. Results and discussion

In this section let us utilize the above calculated
WGM-QE interaction to obtain the evanescent polari-
ton (EP) dispersion in the framework of the coupled os-
cillator model that has been widely used for describing
coupled atom-photon or exciton-photon modes in mi-
gipcavity systems [13]. Near the resonance between

branches are given by the eigenvalues of the following
Hamiltonian:
H/h = w”aTaX +w15b by + g1 (x) (akb +a,b ) 7

J

HER AR 2 G AR
RATREAETE X EFHANIER. I, 15 nl ke
SKBRIE OO LRI BT, DR

MT, XEDTARBIZEE EXEY, B HERR = AW

ERFIR ISR, B KA
AHERRAT S AT TR R E.
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AREMIRAE T =S Sk FE S (+. bst) — elsarticle-num.bst, elsarticle-
num-names.bst flI elsarticle-harv.bst — 55 —FhH T8, & —FfhH
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£ BTpX W, S22V T thebibliography MhEE. 45% Ikl 2
—/™ \bibitem 25 H, M&E \bibitem #H — IR, WL PR, A TA] DA
EIE 5 A

\bibitem[Elson et al.(1996)1{ESG96} #%5| N \citet{ESGI6}.
FEBRZ X | HMA R AT RER R, KEd — P& HREE—T
\bibitem FFHANE—NFEE, FTIBHY Harvard L& 1EE-FSH ik
FERWE TEX Y72 £ natbib S, B XN R, S35 SRR DA R 51
H:

« FAR: \citep{WB96} AEfK (Wettig & Brown, 1996).
o XA \citet{ESG96} 4K Elson et al. (1996).

o BFE: \citeple.g.1[Ch. 21{Gea97} “ERK (e.g. Governato et al., 1997,
Ch. 2).

TEEC 5| A, \cite{<label>} WA A, \citep BY \citet {F
Bt NP A E A MM natbib 7= 1% elsarticle 8, numbers j&H
ARINIETL. H P AT DURF H 28O0 7 & - AREGE harvard #83, H RN
authoryear I CAYSE. GNRAH FFTHM H ¥ 2 1Y natbib 72 (%I, 7]
DA \biboptions an4, BTE 4. FiL AL, BEZ X T natbib
IRITHTA T, 76 & natbib FH, B2 AR TR 3Ry —
ioag

PR T DA EARIERY (bst SXHF, I8F 10 NMATIRFARY (bst AIEEHA. fif
FIXEE bst FISTEHAIZ 1] hitp://support.stmdocs.in

EERTTERD

VR AT DURF AR $8 52 SO SR A AT 3 390 1) B9 D o R/ N3 B SR AT R i
elsarticle i [A — /N CAHRAE T 4 FCORIETT. (HIXHATWRE, i FIX L
I, F P ] DAL 24 T ENRIA R U] DL T A7 ).


mailto:elsarticle@stmdocs.in
http://www.latexstudio.net
http://www.latexstudio.net
http://support.stmdocs.in/wiki/index.php?title=Model-wise_bibliographic_style_files

. _ MRIERT - B TeX THES BISSIE
elsarticle.cls — Elsevier

i | 4n et b o

ELSEVIER LTD

1p: 1+ HAFIY S F XN 384pt x 562pt BY 13.5cm X 19.75cm BX 5.3in X
7.78in, (XA HFE.

3p: 3+ HATFIA X F X 468pt x 622pt B 16.45cm X 21.9cm BY, 6.5in X
8.6in, BAAEAER.

twocolumn: H] DARI 3p I —[FfEH, W RHITZ 3+ I 5 LR S0 XI5
FHIE, HE R REAER,

5p: 5+ A IXEZ 522pt X 682pt B 18.35cm X 24cm BY 7.22in X 9.45in,
(DY =S

PATR D 55 DA A% TCHE R B AN [R] S HIARE 2B b DT B AN AT 38 70
MU ER.

B 1+ 70 3+ FEA SR AR TR, R AEHER &I A 52 B [R] 9 S
XX 3+ F 5+ HT] 9 DU 2 X AR . M — B9 X AR R PR
WA, SR BE R, (A, BRATTR B AR s oAb B B I Y T
T AR AR 3R] 4 T .

[PAF SRR - midiiX
DO SCERED - i B

<elsarticle@stmdocs.in> |:|


mailto:elsarticle@stmdocs.in
http://www.latexstudio.net
http://www.latexstudio.net

. . BRIRFER - B TEX TIEZE BHERI(E
elsarticle.cls — Elsevier xinaks

| S TSR (R R i

ELSEVIER LTD

http://www.latexstudio.net

This is a specimen q,, title***
Jos Migchielsen'*

Elsevier B.V., Radarweg 29, 1043 NX Amsterdam, The Netherlands

CV Radhakrishnan?

Sayahna Foundations, JWRA 34, Jagathy, Trivandrum 695014, India
CV Rajagopal '3

STM Document Engineering Pvt Ltd., Mepukada, Malayinkil, Trivandrum 695571, India

Abstract

In this work we demonstrate a, the formation Y_1 of a new type of polariton on the interface
between a cuprous oxide slab and a polystyrene micro-sphere placed on the slab. The evanescent
field of the resonant whispering gallery mode (WGM) of the micro sphere has a substantial
gradient, and therefore effectively couples with the quadrupole 1S excitons in cuprous oxide.
This evanescent polariton has a long life-time, which is determined only by its excitonic and
WGM component. The polariton lower branch has a well pronounced minimum. This suggests
that this excitation is localized and can be utilized for possible BEC. The spatial coherence of the
polariton can be improved by assembling the micro-spheres into a linear chain.

Keywords: quadrupole exciton, polariton, WGM, BEC
JEL: 71.35.-y, 71.35.Lk, 71.36.4c

1. Introduction

Although quadrupole excitons (QE) in cuprous oxide crystals are good candidates for BEC
due to their narrow line-width and long life-time there are some factors impeding BEC [1, 2]. One
of these factors is that due to the small but non negligible coupling to the photon bath, one must
consider BEC of the corresponding mixed light-matter states called polaritons [3]. The photon-
like part of the polariton has a large group velocity and tends to escape from the crystal. Thus,
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2 Another author footnote, this is a very long footnote and it should be a really long footnote. But this footnote is not
yet sufficiently long enough to make two lines of footnote text.
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In this work we demonstrate a;, the formation Y_1 of a new type of polariton on the interface between a cuprous oxide slab and
a polystyrene micro-sphere placed on the slab. The evanescent field of the resonant whispering gallery mode (WGM) of the
micro sphere has a substantial gradient, and therefore effectively couples with the quadrupole 1S excitons in cuprous oxide. This
evanescent polariton has a long life-time, which is determined only by its excitonic and WGM component. The polariton lower
branch has a well pronounced minimum. This suggests that this excitation is localized and can be utilized for possible BEC. The
spatial coherence of the polariton can be improved by assembling the micro-spheres into a linear chain.
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1. Introduction

Although quadrupole excitons (QE) in cuprous oxide crys-
tals are good candidates for BEC due to their narrow line-width
and long life-time there are some factors impeding BEC [1, 2].
One of these factors is that due to the small but non negligible
coupling to the photon bath, one must consider BEC of the cor-
responding mixed light-matter states called polaritons [3]. The
photon-like part of the polariton has a large group velocity and
tends to escape from the crystal. Thus, the temporal coherence
of the condensate is effectively broken [4, 5]. One proposed
solution to this issue is to place the crystal into a planar micro-
cavity [6]. But even state-of-the-art planar micro-cavities can
hold the light no longer than 10 us. Besides, formation of the
polaritons in the planar cuprous oxide micro-cavity is not effec-
tive due to quadrupole origin of the excitons.
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2 Another author footnote, this is a very long footnote and it should be a
really long footnote. But this footnote is not yet sufficiently long enough to
make two lines of footnote text.

3Yet another author footnote.
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Theorem 1. In this work we demonstrate the formation of a
new type of polariton on the interface between a cuprous ox-
ide slab and a polystyrene micro-sphere placed on the slab.
The evanescent field of the resonant whispering gallery mode
(WGM) of the micro sphere has a substantial gradient, and
therefore effectively couples with the quadrupole 1S excitons in
cuprous oxide. This evanescent polariton has a long life-time,
which is determined only by its excitonic and WGM component.
The polariton lower branch has a well pronounced minimum.
This suggests that this excitation is localized and can be uti-
lized for possible BEC. The spatial coherence of the polariton
can be improved by assembling the micro-spheres into a linear
chain.

Therefore in this work we propose to prevent the polariton
escaping by trapping it into a whispering gallery mode (WGM)*
of a polystyrene micro-sphere (PMS).

We develop a model which demonstrates formation of a
strongly localized polariton-like quasi-particle. This quasi-
particle is formed by the resonant interaction between the
WGM in PMS and QE in the adjacent layer of cuprous oxide.
The QE interacts with the gradient of the WGM evanescent
field.

4WGM occur at particular resonant wavelengths of light for a given dielec-
tric sphere size. At these wavelengths, the light undergoes total internal reflec-
tion at the sphere surface and becomes trapped within the particle for timescales
of the order of ns.
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