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Quantum teleportation of an arbitrary superposition of atomic Dicke states
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We propose a scheme for teleporting an arbitrary superposition of entangled Dicke states of any number of
atoms(qubity between two distant cavities. Our method relies on adiabatic passage using multi-atom dark
states in each cavity, and a conditional detection of photons leaking out of both cavities. The ideal success
probability of the protocol decreases polynomially in the number of atoms. The fidelity is unity for a single
Dicke state, and can be optimized for the superposition by unitary postprocessing. Issues of experimental
feasibility and applications to quantum informatics are discussed.
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I. INTRODUCTION ment among distant atonj40,11. In an application of this
Quantum teleportation, first introduced by Benrettal, 9@, Boseet al. [4] show how to teleport an atomic state
from one cavity to another by conditional detection of a pho-

in 1993[1], has been of interest to the physics community

for many years. It holds promise for many useful applica-_ton from both cavities. The main advantage of their scheme

tions in quantum communication and quantum computing. 1{S the use of photon decays themselves to establish entangle-
consists of three steps. The first step is to prepare an efpent between the cavities, rather than the cumbersome task

tangled pair of particles that is shared between setflare) of coherently coupling a photon out of one cavity and feed-

and receive(Bob). The second step is a joint measurementnd it into another cavity12,13,.

by Alice of the unknown system and one particle of the We consider the use of multl-.atom dark states f_or quan-
thm state transfer and teleportation, where the desired inter-

e e ot s e oeaa bty entanlemen s oot s y  sequence of co.
: : ) .~~~ ditional detections of photons leaking out of both cavities.

the unknown state at his end following appropriate unitaryrpe main advantage of the proposed scheme is the ability to
transformations. This protocol has been verified experimenganster multiqubit entangled states, namely, superpositions
tally for discrete[2], as well as continuoug3], systems. of atomic Dicke state§14], which can be engineered in a

In this paper, we consider a departure from the usual telegayity by conditional detection methods, and have wide
portatlon scenario in two WayS. FII’St, fO”OW|ng an interest- ranging app"cations in quantum information Scier(me
ing recent suggestiof¥], the entanglement resource neces-15)).
sary for teleportation is not introduced as shared particles Our scheme is shown in Fig. 1. Alice and Bob have an
between Alice and Bob, but rather comes about from a deequal number ofidentica) atoms trapped inside their cavi-
tection made by Alice of the joint state of both parties fol- ties, and the atoms are well separated so that any interaction
lowing independent preparation stages. Second, and centria¢tween them can be neglected. The cavities are designed to
to the present paper, the state that is to be teleported is itsdife one sided so that the direction of cavity leakage is known,
an arbitrary entangled state of many particles, constitutingind photons leaking out of the cavities pass through a beam
the most general transfer of quantum information betweessplitter (BS) and are detected by two 100 percent efficient
the two parties. detectordD, andD_, which we treat using the quantum jump

Usually atomic states are considered ideal for the storag@rma|l3m[7-16]- ) ) )
of quantum information and are used as the stationary qubits. " Sec. Il, we discuss the two-atom case first, as it allows
Earlier proposals for teleporting atomic stafé used the US to highlight the key physics that goes into making each
atoms themselves as the carriers of quantum informétian
“flying qubits”), and recently massive particle teleportation @
based on the Benne¢t al. protocol was demonstrated by Q) g
two groups using ions in a tra®]. However, we note that Ly N
photons have an intrinsic advantage in that they are better (.
suited for communication over long distances. Cavity quan-
tum electrodynamics methods offer an ideal coupling be- AUCE
tween atoms and photons in a controlled setfifiy Based BOB
on such methods, we can achieve quantum teleportation of :
entangled states in multiple cavitigB], as well as arbitrary .
superpositions of Fock states in a single cayay

In the present proposal, we take a different approach to FIG. 1. Setup for teleporting an arbitrary superposition of
scalable quantum teleportation. Some past studies have use@mic Dicke states. Inset shows the level configuration of each
the joint detection of photon decays to establish entangleatom.

J— D_

>D,

1050-2947/2005/76)/0623087)/$23.00 062308-1 ©2005 The American Physical Society



DI et al. PHYSICAL REVIEW A 71, 062308(2005

stage possible. We highlight the different control parameters H, = exp(xa'at)H exp(— xa'at), (4)
that are unique to this protocol, and also briefly describe _

methods for unitary postprocessing of the teleported state t8nd the corresponding state vector

optimize the fidelity. In Sec. Ill, we show that the protocol _ Ata

can be generalized to an arbitrary number of atoms, and dis- W) = explka’at)| ). (5)

cuss the scaling of the success probability with the numbef, this way, by switching between pictures, we can treat the
of atoms. In Sec. IV, we discuss issues related to fidelitygtom-field coupling separately from the decay of the field
optimization and experimental feasibility of the protocol, andfrom the cavity. By numerically solving Schrédinger’s equa-
extensions to other quantum information applications. tion, we have verified thaH.s and H, describe identical
evolutions of the state in the respective pictures.

Finally, when detection events do occur, the quantum
jump formalism associates these with the action of photon

The atomic state in caviti that Alice wants to teleport is annihilation operators. For the two detectdds in our

assumed to be @ymmetrig Dicke-state superposition of the scheme(Fig. 1), we have the linear transformations due to
form the beam splitter:

II. TWO-ATOM TELEPORTATION

. C.1|bc>A ul |chya D, = (tA, + rdp), (6)
\‘;“

where|a), |b), and|c) are the states of each-type three- D_=(rda—tag), (7

level atom(see Fig. 1 inset States|cc) and |bb) represent

)R = Clco)a +Chlbb)a, (1)

. > where 8, (8g) is the destruction operator for the field in
both atoms in the same state, aifidc)+|cb))/2 is a state cavity A (B), andr andt are the(rea) reflection and trans-

with one atom in St?t®> and one in statc). Trrez coelff2|- mission coefficients for the beam splitter, such tgt+|t[2
cients Cy, C;, and C; are arbitrary and satisfiCy|*+|C}| -1

12—
+|Cy*=1. Akey to our approach is the use of multi-atom dark states

~ Our protocol is ba'setlj ona mlilpping of the tWO_'_""tometﬁt‘?n each cavity(see, for example, Ref19)). It is convenient
in Eq. (1) to an equivalent Fock-state superposition of they, ¢|agsify the states according to the total number of excita-

cavity field consisting of 0, 1, or 2 photons. This is doneyiong nresent. For zero excitation, we have both atoms in
using multi-atom dressed state adiabatic passage in the cay,

ity in the presence of a classical drive field, which has the fate|c) and field in vacuum:

ability to generate atom-field entanglement. However, we | w3 = |co)|0). (8)
have to be careful because while the adiabatic passage is

taking place, the photons can leak out and can be detectefor one excitation, the manifold of states coupled by the
Conditional detection of photons is necessary for our schemtlamiltonianH (i.e., having nonzero matrix elemeptare
because it leads to “gquantum jumps” that enable the Dickelc©)|1), [bS)|0), [ch)|0), [ac)|0), and|ca)|0). From these, we
state transfer. Thus, before proceeding, we examine thean construct two states that are dark with respect to the
quantum jump formalism and how it applies in the multi- couplings(} andg for each atonti.e., zero-eigenvalue states

atom dark state picture. of H):
In each cavity, the atoms are assumed to be simulta- darly
neously coupled to a time-dependent classical field, with [W5™; = [bp|0) = (Q/g)|cpl ), 9)

Rabi frequency()(t), and a quantized cavity field mode with ¢, j=1 or 2. The effects of cavity decay may be included in
coupling strengthg. The interaction is governed by the i, interaction picturdédefined byH,) by replacingg with

Hamiltonian[7], as ge. For two excitations, the manifold of coupled states
H=40(t + +5 3+ at consists of|cc)|2), [bc)|1), [cby|1), |bb)|0), [ba)|0), |aby|0),
(O(las) byl + [p)(@a)) +Ag(janicsla+ leyxaya) and|aa)|0), which supports a two-atom dark state:
+(1—-2), 2 § — _
ar -+ /
where 1 and 2 enumerate the atoms, ahdnda are photon [¥5 = bb)|0) [\E(Q/g)](|bc> +leIDN2
creation and destruction operators, respectively. Now, condi- +[(Q/9)%\2]|cc)|2). (10

tional on theabsenceof a click in the detectors, the effective . )
Hamiltonian governing the time evolution of the joint state is !N the preparation stage, Alice follows the above dark states,
given by[17,1§ and by tuning()(t) to go from{)<g to 1>g, achieves the

following adiabatic transformations:

He = H —ixa'a. (3
Here, k is the decay rate of the field modetaken to be the 60a/0)a = [COAIOA, (13
same for both cavities. Note thidts is non-Hermitian due to
the presence of the decay term. However, we can still define [00)A|0)a — |CCa| Da, (12)
an effective “interaction picture,” where the atom-field evo-
lution is described by the Hamiltonian |chya|0Ya — |CO)A| L) A, (13
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|bb)a|0)a — [CC)A[2) A, (14)
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TABLE I. Prefactors for the different detection scenarios in the
final teleported statgy)™ for two atomsr andt are the reflection

where in the last line, we have used the approximation thaind transmission coefficients for the beam splitter, amd
(Q/g)?>2(Q/g) sinceQ>g. In this way, she transfers her =(Q/(ge %)) is the dark state parameter that Bob chooses initially.

given atomic state in Eq1) to the corresponding field state

in time t,,, resulting in the atom-field state
[9)a= (ColO)a+ Cola+ Col2wlcon Ny, (15)

where, including the effects of cavity decay, we have

Co=C), (16)
C,=eby2C), (17)
C,=e2%C), (18)

andN; =|Cy|?+|C4|2+|C,|? is for normalization.
At the same time, Bob places two atoms in his cafétn

the statelb), and by tuning((t), evolves his system from

|bb)g|0)g to the two-atom dark state$®™) at timet=t,;

Ibc)g +[ch)g

|W)g= (Do|bb>B|O>B+ D, 5 |1g
\

+ D2|CC>B|2>B>/\/N_21 (19

where D=1, D;=—\2(Q/g), D,=(Q/g)%/y2, and N,

7o m 72
D.D, (a?1\2)r? —(2\2a)rt t2
D_D_ (21 \2)t? (2\2a)rt r2
D.D_ —a?rt 2a(t?-r?) Vart

Ibc)g + [ch)g
’/_

lp)g"= (770C|0|CC>B +mCh + 772C'2|bb)3>/\/N_3,

(25

whereN;=|7,Ch|?+| 7,C}|?+| 7,C5|?, and the coefficientsy,,

are given in Table | for the three detection scenarios. To
complete the teleportation protocol, Alice needs to inform
Bob (by classical meanswhich detectors clicked, and Bob
performs unitary operations to his final stédgee below to
make his final teleported stafi)p " look as close as possible
to the initial state ).

The raw fidelity of the protocolF = [{,| Youd|?, depends
on both the state to be teleportétie coefficientsC}) and
the detection scenario that is realized. If only one of the
Dicke states is present initialfCl, =1 for somem), then the
fidelity is automatically unity when the protocol succeeds

=|Dg|?+|D4[>+|D,J2%. Note that cavity decay does not affect (i.e., when two and only two clicks are recorde&or the
the relative amplitudes of the dark state, as this is alwaygntire superposition, the fidelity depends on plostprocess-

defined with respect to the original Hamiltoniein However,
and this is the key trick, Bob can choo&¢t,)/g to be of the
form ae™*% to complement the decay in Alice’s cavity:

Do=1, (20)
D, = — a/2e7b, (21)
D, = (a?/\2)e 2%, (22)

ing of the teleported state. That is, knowing the coefficients
7m In Table | allows us to choose an appropriate unitary
transform (which depends on the detection scengrio
maximize the fidelity after the protocol has ended. We em-
phasize that thisloes notdepend on the initial choice af
andr, as any detection scenario can be optimized postdetec-
tion by subsequent unitary evolution of the teleported state
| The free parameters andr are chosen only to ensure
that all the prefactorsy,, are nonzero.

Thus, the probability of success of the teleportation pro-

To summarize, following independent preparations, the joinioCol depends solely on the fact that we get two, and only

state of Alice’s and Bob’s systems is
[W)Re=[¥)a ® [W)g. (23

In the detection stage, Alice waits for twand only twg

clicks on her detectors from photons arriving from both cavi-
ties. The first click occurs at timie=t, after preparation, and
the second click occurs at tinte=t, after preparation. The

two, clicks on both detectors. Note that the possibilities in-
clude[cf. Egs.(15), (19), and(23)] zero, one, or two photons
from each cavity, leading to 0—4 clicks in both detectors. We
analyze the success probability in more detail below.

Ill. N-ATOM TELEPORTATION

To appreciate the scaling of the protocol, we discuss the

simultaneous detection process leaves the joint state of Alicgeneralization of our scheme to an arbitrary number of atoms

and Bob in(see Appendix

~ _ ,\T,\ _ ~ _ ATA
|\P>ZUBtOC Die ka'a(ty tl)Die Ka at1|\1,>A ® |\I,>B

 |)3"1cCIal0)a|O)g + €7 -], (24)

where the cumulative time decay*'2 damps out the non-
zero, final photon number contributior(slenoted by the

N, in each cavity. The interaction Hamiltonian in E®)
generalizes to

Na

H =2 [RQ) (Ja)bi| + [b)a]) + hg(|a)cla+|c)alat .
i=1

(26)

dotg, and we are left in the long-time regime with the fol- We use the notatiofb®"c®Na"") to denote a normalized,

lowing decoherence-free atomic state in Bob’s cavity:

symmetric Dicke state whema atoms are in the leved and
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N,—m atoms are in the levet [20]. From combinatorics, 0.5}
there areP(N,, m)=N_!/[(N,—m)!m!] terms constituting the 0.45¢
entangled stath®Mc®Na"™) The initial state to be teleported 003"51:
is assumed to be of the form Q& o3l
. "o
| = 2 Crylb®MeNa™) . (27) 0.15
m=0 0 2 4 6 8 10 12 14

Using adiabatic evolution in the presence of cavity decay, N

and util_izing dark _states composed of an ar_bitrary number of FIG. 2. The success probability of gettid, photodetection
atoms in the cavitysee .Eq.(29) below, AI'Ce, maps the events as a function of the number of atotaslid line), fitted by
unknownN,-atom state given above to the equivalent photony, functional formC/NC“® (dashed lingfor some constar. Unit

state in timetp: detection efficiency is assumed.

e 1 % C.lp) |1 28) that, to our knowledge, has not been addressed before in the
AT \Wl = plP/A A teIeportauo(n) literature; namely, one where the weighting
- prefactorsy” are known, but the coefficienﬁ'ﬂ of the ini-
whereCp:e‘P"‘pVP(Na,p)C'p. Meanwhile, Bob prepares his tial state are unknown. That is, thelative weights of the
cavity in theN,-atom dark state Dicke state superposition need to be equalized regardless of

\ their absolute amplitudes, a problem which can be posed

a SNmpop only in a state-averaged sense. We are currently addressing
[W)g = N 2 Dyb®NaPcP)g[p)g, (29 this issue. To give an example, consider the two-atom case in
V/V2 p=0 our scheme where the final state is given by Exf). By

where D,=e P<(-a)?[P(N,,p)/p!, and we have used the appropriate choice o andr, we can arrange the pre-factors

same indexp to denote complementary atomic and photonict© P& such thaty, < 7, <, for all detection scenarios. To
excitations in the dark state. equalize these weights, we might try a two-qubit rotation of

In the detection stage, Alice waits fbl, clicks in the two states|bb) and |cc), which leaves the symmetric staffoc)

detectors. Assuming clicks occur inD, andN,—n clicks in +|Fb>)/V’§ unchanged. Th? optimal rotatic_)n angle is. Qeter-
D._, the teleported state becomes a mined by averaging the fidelity over all input coefficients

C'm. For this example, we find that the state-averaged fidelity

1 Ma for the two-atom case can be increased to at least 0.96 for all
|yt = — > 5VC! |b®mcENam), (30)  detection scenarios. Successive unitary operations, which
VA3 meo will introduce more control parameters, will further optimize

this figure. A similar approach can be taken for larger num-

. . | . .
where for detection scenarig the prefactor folC, is given ber of atomsN,, where with more atoms, we have a larger

by permutation of unitary operations at our disposal. Thus, the
min(m,n) N, scaling is not expected to constrain the optimization.
W= > (=)™ N ™ ml PN, mP(n,i) From the experimental standpoint, the fidelity will be de-
i=0 graded whenever the relative amplitudes/phases of the differ-
XP(Ng - n,m- j)prm2iNan-me2i ent Dicke states are unknown; for example, due to fluctua-

tions in laser intensity, or asymmetry in the cavity coupling
Successful teleportation of the superposition state occurg different atoms.
when there are exactli, photodetection eventdor N, at- We believe that the technology for implementing the pro-
oms. Assuming no clicks occur during the preparation stageyosed scheme is within reach of the current state-of-the-art
(ktp<<1), this occurs  with  probability Pg, for a small but significant number of atoms. For example,

:(Em|CmDNa_m|2)/N1N2, or laser cooling and trapping of individual atoms in a high-
N cavity has recently become possip#d], and optical dipole

2 o [P(Ng, m) e (N, = m)! traps have been demonstrated for a deterministic number of

PsudNa) = N, - . () atoms[22]. Furthermore, three-level adiabatic passage and

2 azm=o P(Ng,m) ™=/ (Ng = m)! linear optics methods are well established experimentally.

The principal constraint on asymptotic scalability will be the
efficiency of the detectors, which in practice will cause the
uccess probability to decrease exponentially. Another con-
traint is the need for a photon number resolving detector, as
we require the postselection of the experiment basedl.pn
photodetection events. These issues are generic to quantum
IV DISCUSSION information schemes based on linear optics, and are currently
active areas of research.
First, some remarks about fidelity. We note that optimiz- We anticipate that the main elements of the proposed
ing the fidelity after the protocol has ended defines a problerscheme will be useful in a variety of quantum information

A plot of this quantity is shown in Fig. 2, which shows that
the fall off with N, is an inverse power law. This indicates
that in principle, the success probability has a polynomia
scaling with the number of atoms.
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applications beyond teleportation. A key feature of theForce Office of Scientific Research, Air Force Research
scheme is the multi-atom adiabatic passage that enablésbortories (Rome, New Yorlk, DARPA-QuIST, TAMU
mapping of atomic Dicke-state entanglement to the photonid@ITF, and the Welch Foundation.

degrees of freedom. This method should prove useful for

large-scale transfer of entangled quantum information be-

tween matter systems, a key requirement for distributed APPENDIX: SYSTEM STATES IN DIFFERENT TIME
quantum computing. Furthermore, it also suggests the possi- STEPS

bility of entanglement transfer between unequal number of We give below the details of the calculation for the two-

atoms in both cavities, leading to applications such as dens(ﬁom case below. After preparation, Alice waits until she
coding and entanglement purification which can be fruitfully ;.- .o two(and only twd clicks att=t, andt=t,, following

addressed with a mixed-state generalization of our schemeWhlch the state in cavitp is teleported to cavit success-
fully. For simplicity, the normalization factors are suppressed
ACKNOWLEDGMENT
CKNO G s in Egs. (A1)—(A7) below.
One of us(M. S. 2), is grateful to Wilhelm Becker for From Egs.(15 and (19), at the end of the preparation
helpful discussions. This research is supported by the Aistage(defined ag=0), we have

|bcyg + |Cb>B

r

W) s = [¥)a @ [W)g = [CoD|bb)g|0)al0)g + C1Do|bb)g|1) A0 + CoDo|bb)g|2)Al0)g + CoD4 10)al g

Ibc)g + |ch)g

|bo)g +|cb)
+CD o DAl * C,D, e e

/

[2)a|1)g + CoD,|cC)g|0)a|2)5 + C1D,|cO)g|1)al 208

+C,D,lco)p|2)al2)g]ICO)A. (A1)

Whent=t,, beforeAlice registers the first click, the joint state of Alice’s and Bob’s systems has evolved conditional on no
detector click, according to the evolution operator ex#&'at,) for photons in each cavity:

[W(ty) = [CoDyg|bb)g|0)a|0)g + C1Dge™'1|bb)g|1)4|0)g + CoDpe 21| bb)g| 2)0)g + CoD1€7 1

bc)g + |ch)
oo Ioble oy 11),
\2

+CyD,e72 |1)a|1)g + C,D,€73 1

|bc)g +|ch) _
B\ 2 : |2)a| 1) + CoD e 2!1cC)g|0)a|12)8

|bcyg + |Cb>B
NZ

+C1D,6731(cC)g| 1) 2) + CoD2e 1 |cC)g|2)al2)5]|CO) A (A2)

The first click then occurs and the time evolution of the system state is interrupted by a quantum jump at one of the two
detectordD, or D_. For theD, detector, we find

IS+|‘I’('[1)> = (tap + rag)|W(ty)) =[C1Dote ™ '1/bb)g|0)a0)g + \’ECZDOte_ZKtl|bb>B|1>A|0>B +CoDyre™u

cb)
oo + [cble 210040}
\2

+C,D;te 2 |0)al1)g + C4Dyre 2 [14l0)g + V2C,Dyter s

bc b
| >B\ 2|C >B |1>A|1>B

Ibc)g + |ch)g Ibc |Cb>B
\’E 2

+C,D re 3

bc ch
%D)AMB + VECoDzre_thl|CC>B|O>A| 1)g + C1D,te™3*1/cC)g|0)4) 205

\r

+\2C,D,re 3 |cc)g| 1)a| g + V2C,Dste*1/cC)g|1)a| 205 + V2C,D e 41|c)g|2)a g licOla,

=[V.(t), (A3)

while for D_ we have an analogous result with-r andr — —t. During the period,—t;, no clicks occur again by definition
and the above state evolves according to[exaa(t,—t;)]:

062308-5



DI et al. PHYSICAL REVIEW A 71, 062308(2005

Ibc)g + |Cb>B
2

|¥.(tp)) = € “4[C,Dqt|bb)g|0)al0)g + \“EczDOte_Kt2|bb>B|1>A|0>B +CoDyr |0)|0)g

Ibc |Cb>B

\2

Ibc)g + |Cb>B
\2

Ibc |Cb>B Ibc)g + [ch)g
v 2

+CyD te™2 |0)al1)g + C1Dyre "2 |1)al0)g + v 2C2D1te 24tz |DalDs

+C,Dyre 22 12)40)g + V2CoDore™2|cc)g|0)a| 1)g + C1Dste™22|ce)g|0)al2)s

+ \"Echzre_ZKt2|CC>B|1>A|1>B + \“Eczthe_SKI2|CC>B|1>A| 2+ V'EczDzre_3Kt2|CC>B|2>A|1>B]|CC>Aa (A4)

with an analogous result fd¥_(t,)) with t—r andr —-t. +1%)[co)g| a0l
Now the second click occurs &tt,. For the detection sce- out 2
nario D,D,, we find that the final state is +€72C,D,(t*]c0s| 004l 2)s

- +2\2rt|cc)g| Dl 1) + r2lc)sl2)a0)s) | . (A6
D+|«If+<t2>>=(taA+raB)|~1f+<t2>>=V5e'“”'“2l(CODzrzlc@B 2rieda e+ FlecilZn >B)) "o

Finally for the detection scenarid_D_, we find

+\2C tM‘FCD'ﬂbb) ~
1P V2 20 B D_|W_(tp)) = (ras — tag)|¥_(tp))
X|0)4|0)g + €72(C1D,(2tr|cC)g|0)a| L)g = \Ee—Ktthz{ <C0D2t2|CC)B
+12|cC)g|1)l0)8) + CoD;(t7cC)p|0)al1)g ) o
Cgt|C
+2tr|cc)g|1)al0)g)) - vEClDltr% + C2D0r2|bb>B)
e722C,D,(t2|cC)g|0)|2) A
o oA X|0)a|0)g + €7'2[C1D,(~ 2rt|cC)g|0)alD)g
+2\2rt[cc)g|D)aD)g + r2|CC>B|2>A|O>B):| . (A5) +12|cC)g|1)al0)g) + CoD1(r?|cC)g|0)al 1)g

— 2tr|co)g| A0
For the detection scenarld_D, or D,D_, we find Ol DA Oe)]
. + e 22C,D,(r?|cc)g|0)al 2)s
D_|W,(tp)) = (ras - tag)[ W.(tp))

— = = 2\2rt[cC)g|1)al g + t2|CC>B|2>A|O>B)} :
= \2e | | — \2CDort|co)g + (— t2

(AT)
2 —|bC>B *|cbe [5 In all cases, we can write the final atom-field statpon two
+r )ClDl — + C2D0V'2tr|bb>B 8 ' i p
/ detection evenjsas in Eqs(24) and(25), where the prefac-

it 2.2 tors 7, given in Table | may be read out from th@),|0)g
X|0)a|0)g + €AC1DA (= t* + %) cC)g|0)a g component of Eqs(A1)—(A7), making the substitutions for
= rt|cc)g|1)|0)g] + C,Dq[rt|cC)g|0)al1)g + (- 12 C, andD,, in Egs.(16)—(18) and (20~22).
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