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AdS-CFT correspondence for the massive Rarita-Schwinger field
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The complete solution to the massive Rarita-Schwinger field equation in anti—de Sitter space is constructed,
and used in the AdS-CFT correspondence to calculate the correlators for the boundary conformal field theory.
It is found that when no condition is imposed on the field solution, there appear two different boundary
conformal field operators, one coupling to a Rarita-Schwinger field and the other to a Dirac field. These two
operators are seen to have different scaling dimensions, with that of the spinor-coupled operator exhibiting a
nonanalytic mass dependence.

PACS numbsds): 11.25.Hf

[. INTRODUCTION ary; both a Dirac spinor and a spin 3/2 Rarita-Schwinger
field couple to boundary conformal field operators, which as
The Maldacena conjectulfd] asserts that there exists a a result have different conformal scaling dimensions. To find
holographic correspondend€] between field theories on these conformal field correlators, we use the Dirichlet bound-
(d+1)-dimensional AdS space and conformal field theoriesary value problem method exhibited in, for examp®, for
(CFT’s) on thed-dimensional boundary of this space. This the case of a Dirac spinor field. Since the action vanishes
correspondence has been made more precifg,3+-6/ and  on-shell, a surface term must be added. Two equivalent
investigated for specific cases[ii—17]. We do not attempt methodg19,2Q of determining this term have been investi-
to give a comprehensive list of references here, but refer thgated, and the method (20] has recently been used|[ih7].
reader to the literature. A recent review of the Maldacena In following this prescription, we solve the equations of
conjecture can be found [18]. According to this correspon- motion in Sec. Il. The surface term to add to the action is
dence principle, the action for the field theory in the bulkfound using the method ¢20] in Sec. Ill, and finally in Sec.
AdS space written in terms of the boundary values of thdV the CFT correlators are calculated. These correlators are
fields serves as a generating functional for a field theoryixed, up to a multiplicative factor, by conformal invariance
which lives on the flat boundary space. This can be written[21,22. The results obtained are consistent with these con-
siderations.

= —Ily]
Zpad Yi0)1= fw(o)pwc II. SOLVING THE CLASSICAL FIELD EQUATIONS

§ Although the equations of motion have been solved in
=Zcrtl o)1= (XP([ onasdXOY(0))), (1) [12] for the massless case, [13] for the case ofy“y,
=0, and also iN16], we find it necessary to construct ex-

where o, is the boundary field, and acts as a source for thg|icitly the complete solution to the massivease while im-
operatorQ. Dealing with a classical field, an approximation posing no restrictions.

to this path integral may be obtained. Since in the present our index conventions arge,v,...=0..d and i,j,...
case we consider a free field, this classical treatment be=1 4. We choose the metric of A¢S; to be 9uv

comes e_xac’t. _ 02 = (1% 8., SO that AdS space is given by’>0. The
We will choose the AdS metric to bg, ,=(1/x")d,, SO poundary with which we shall be concerned isx&t=0,

that the boundary is at®=0. Since the metric diverges on \yhere the metric is singular. The Rarita-Schwinger action is
this boundary, we must regularize by multiplying by a func-gi\,en by

tion with a suitable zero on the bounddB]. The fact that

this function is otherwise unspecified is the origin of the

conformal invariance in the boundary field theory. g1 i " "

Of particular interest here afe2,13,16,17 which also ':j A gy, [T#7D ,— myg” —mpl“7 s, . (2)
deal with the Rarita-Schwinger field, but impose restrictions
on the solution of the field equation. We construct the 98Ny Jenotes the covariant derivativE. are curved space
eral solution and find that when no such restrictions are im— " " P

. . L -
posed, there appear two fields on theiimensional bound- Dira¢ matrices so thaf , =€), v, where{ya, yp} =254y are
Euclidean Dirac matrices, which are taken to be Hermitian,

: P a_ 0

and the vielbein is given bg, = (1/x )5‘;. More than one
*Email address: pwm@sfu.ca
TEmail address: kviswana@sfu.ca

An investigation of the AdS-CFT correspondence which deals 2As pointed out in[16], one must considem,# 0 in the case of
with quantum interactions is given [A10]. supergravity on AdsxS® [23].
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index on these matrices indicates antisymmetrizafion m;+dm,
cluding 1h!). Varying the above action gives the Rarita- DT, = D* g+ —— 7 T4,=0. (12)
Schwinger equation

[I#"7D,—myg#?—my '], =0 3 Combining Egs(11) and(12) to eliminateD*y,,, we obtain

a Dirac equation
and its conjugate

$,[T#7D ,+myg#7+m,I'#7]=0. (4) [D-C](I'"¢,)=0 (13
We will find it convenient to write the former in the equiva-
lent form where
I'[D D M pv =0 (5 d(d d
[ Vlrlj,u,_ ,u,dlv]—'—m “ wv_m—d),u,_ ( ) C= ( _1) (ml+ mZ)m* (14)

am, m;(d—1)

which can be seen by usingl'#"7=1/2(I"'T'’T*#

—T'#*T°T'"). To solve this equation generally, we first con- ) )
tract withD . to obtain and for convenience we have defined =m;*m,. It can
M

also be shown from Eqg11) and (12) thatm;=0 implies
y*,=0. Since this case has been considerei12| and
[13], we assumen;# 0.

Now we specialize to our coordinate system and write Eq.
The commutatofD , ,D,]#, can be expressed as (13) as

r“*D,,D,1¢,—2mD* ¢, —m,I'*"Dy,44,;=0. (6)

1 1 1
[DMlDV]¢U: Ea[uwv]+2[wﬂiwv] w’U:ERuvlpo’!
(7

,, d
X°h= 5 vo—C|y-4=0, (15)

where the spin connection is given by

where we will now work only with the components,

=ely,.

w,P="5(8585— 8557 8 This equation has been solved[®] by differentiating to

obtain a second-order equation, and has the solution which
does not diverge ag’—

andw, = ,®3 sg. The computation oR,, is simplified if

we make use of the fact that the space is maximally symmet-

fic [24). We find y = () DA ADK ¢ k) + APK ¢ _yk)],

(16)

Ruvzm[ruvrv] (9)

whereA®) and A®) are spinors which do not depend »h
and in our metricR=—d(d+1) so that Since this form of the solution was found via a second order
equation, Eq(16) needs to be substituted back into the first-
order equatior(15) in order to find these spinors. We write

T#v9D, D, :d(d_ 1 Ty (10) x=(x%x), and we will work in Fourier space with respect to
prmmne 2 7 the non-zero-index components of the field,
and Eq.(6) becomes
dd) 700K~ [ ey, . &Y

m,D(I'*4,)+m_D*4,+

4 T*,=0. (11

Since we will soon need to work with several other first-
Now we contract Eq.(3) with I',,. Using I' ,I'**”=(d  order equations and doing the full calculation every time
- 1)I'*” we find would be tedious, we calculate the following formula:
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[X°y0d0— X%k y—nyo—PI(kx®) [(AD + kxPAP)K g, 1o+ (AR + KA K g 1)5]

1 1
:(kxo)l[ Kq+1/z[<|_n_q_ E) Yo~ P}A(lﬁ— qu/z{(|_n+q_ E) Yo~ P}AB)

k-
() K g 3g — i = AV +

k-
+(kx°)Kq_1,2[ i =L A0

+ (kXK g+ 172

k

whereP,l,n,qare arbitrary constants, tifeare spinors which

I -i-1
n—q E
| + +1
n-+q E

K.
SR NCIYNT)

Yo~ P)A(Z) - ?’oA(3>}

Yo~ P)A“” - 70A<1>}

(18

key
+ (kXO)ZKq—l/z{ =i TAM)_ ’)’oA(Z)} ] ,

linearly independent functions &x° with those on the RHS

may depend ok, and from now on we omit the arguments of Eq. (21), we obtain equations which can be solved for the

(kx%) of the Bessel functions. Our present caseyof/ cor-
responds to Eq(18) with A@=A*=0 andq=P=C, n

=d/2, |=(d+1)/2. Requiring the resulting right-hand side

(RHS) of Eq. (18) to vanish givesA®) and A®), so that,
writing k=1K]|,

key

¥ = () @V ==Kyt Koy |bg (K), (19)

wherebg is a free spinor function dt. (We will consistently
use+ and — superscripts to denote eigenspinorsygfwith
eigenvaluest+1 and—1.)

The equation of motiori3) may be written

X7y d= 5 Yo~ M-

ba

3 0 1 m,
+ Eéao_x da— E?’Oaa+ m?’a v = vatho.
(20)
The a=0 component of Eq(20) is
) d ~
XO’yOF70_|XOk"y_ 5"1‘1 ’)/O_m_ lﬂo
m ~

=(x°ao—1—ﬁyo 2 (21)

We will find both a particular and homogeneous solution
for Eq. (21). Since we already know the RHS, we make the

ansatz

5= (0O @D AD+ (oADK 411

+ (AP + (KXO)AMK 1] (22)
[Note that we re-use the parametafd), A®) A® A each
time we do a calculation with E18).] Reading off the LHS
of Eg. (21) as the RHS from Eq(18) with P=m_, q=C,

A parameters. The result is

- key
o =+ ma(kx®) [bg

Yo" = (kXO)(dH)/z( Keriz

. k-y
+Ke-12 _Ml""Ms(kXO)T bg], (23
where
m, d m, d
d—l_c_§+l d—l_c+§_1
M= C_m__l y M2— C_m__l ’
1+t us
M3= C-H’TL (24)

Useful relations involving these constants are contained in
the Appendix.

The homogeneous version of EG1) is exactly the same
as Eq.(15) but with d/2 andC replaced byd/2+1 andm_,
respectively. Therefore our solution is Ef9) with the same
changes:

'IZIOH — (kXO)(d+3)/2

key
' Km_+127F Km—l/Z} Co (K).
(25

The complete solution fof, is just the sum of the two parts

(23) and (25).
To find ; we use thea=i components of Eq(20),

i

0 150 d
X" Yodg—IX koy—iyo—m,

=i+

1 ) m, ~
5 Y0Yi—iX ki_d__l')’i y-¢. (26

On the RHS of Eq(26), we have terms from Eq§23), (25),

n=d/2+1,1=(d+1)/2 and matching the coefficients of the and(19). These terms all consist of some powekaf and a
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Bessel function of orde@t% or m_=3. We considery; in
three partsi; =

is once again the same as E5) with the replacement
—m_, so we have
~H_ poydenn] K'Y +
i =(kx) P K12t K~ bi" (k)
(27)

whereb;" (k) is free. Re-using ouA parameters in Eq18),
we make the ansatz

%= (0O VL AD + (0O APIK e s 12
+ (AP + (KO AMK c_1/5]. (28)

Evaluating Eq.(18) with P=m_, q=C, n=d/2, I=(d

tﬁl + w, + z// ~. The homogeneous equation

PHYSICAL REVIEW D 61 026002
yields the solution
~ K-y
lﬂim:(kxo)(dH)IZ[ Km_+1/2[| T0i+(k)

kvf

. Ki
— Co g+ yica’+|(kx°)E'c5r

~| =

—(2m_+1)

k'yJr
K %

+Km_ -1 ¢ (K)— (kxo)— J (31
wherec;" (k) is free.

At this point we notice that when Eq&7), (29), and(31)
are combined, the free quantities andb;” always appear
together ag;” +b;" ; we thus lose no generality in choosing
¢ =0.

Lastly, for the entire solution to be consistent, we require

+1)/2 and matching the result with the correspondingthat 4.+ v calculated from Eqs(23), (25) and Egs.

Bessel functions on the RHS of E6) we obtain five equa-
tions for the four parameters, but they are consistent, and t

result is

27),(29),(31) be equal to the same quantity ¥ given by
g. (19). Equating the two gives a formula

_ 1+ M1 k b+
C (ley0)(d+1)12 + i -
U= (kx") ¢ =1~ & (32
m, 1 . .
P2~ g7 + > K and also a condition on the otherwise figée
T kxOpa—
X | Kerwg =1 —cm—— v~ kX ey y-b*=0. (33)
k-y The complete solution for the fiel?q}a is thus given by
X b Egs.(23) and(25),
m 1 ~ o key
+ d—_+1 + = K l//oz(kxo)(dﬂ)/z[ Kc+1/z['M2T + (kXO),U«s}bg
+Ke-12 Crm. ')’i+ikX0M3?l by K-y
29) +Kcyz[ p+ i (kX) pg——~ K bo +kx°
Exactly the same procedure, using the ansatz k-y ) 1+, k-b*
X| == Kn 11T iKy —gp|———— ,
~ k - - ml k
i = (k) A + (O APIK 172 3
3 0y A(4)
FATHOOATKm -] B0 and by Eqgs(27), (29), and (31):
|
lﬂi:(kXO)(dH)/z[ K+ Tyi—kxo,%?'}T bo +Kc- 112 T)’i‘*"(kxo)#g?l bg +Km 1121 Tbﬁ
. . K-y ki 1+puq, k-b* w1 ki k-yk-b*
+(|yi—|(2m_+1)TF'—(k x°) ) +Km 12 ki (k) 2 P (35)

wherebg (k) is free, andd;” (k) are subject only to Eq33).

It can be seen that the solutions found 112] and[13] are

obtained with scalaf7] and vector or spinof9] fields. In
addition, as will see in Sec. 1V, thisspace solution is much

special cases of the above. In order to compare our resuitasier to work with than the-space counterpart in terms of
with that of [16], it is convenient to Fourier transform the the limiting behavior near the AdS boundary. Due to this
solution given in[16], and we find that they coincide. In the complication in[16], only the restricted cad® =0 was con-
form given here, the solution is of similar structure to thosesidered. As mentioned in Sec. IV, because we eliminatéthe
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parameters, any restrictions imposed on them will artificiallyadd to the action a term which, when varied, exactly cancels
constrain the boundary behavior of the fields. this contribution. This procedure is discussed in detdiRib

The form of the solution to the conjugate equati@)  and carried out for the Rarita-Schwinger field[iti7]. The
may be found by conjugating Eq&84) and(35). Care must result is that the term we need to add to the action is, in the
be taken when defining the “bar” operation. We define it in notation of[20],
the following way:

1 _ _
X=X (36) CwZEJ d( i 0y Yico) + ¥ic0) Yi ¥ ¥ico))- (37

wherem— —m means that we change the sign of bath ~ Thus when we insert the classical solution into the action,
and m,. Under this operationm_—-m_, m,——-m,, only this surface term remains and it can be written in the
C——C, u1<uo, and uz— —ug. It is of special impor-  form

tance to realize that and ¢ are independent quantities; tak-

1( d% —
ing the conjugate of/ in this way only gives the form of the | = _f (Wic0)(K) i 0, (— K)
d\¥i(0)
solution for ¢, and the resulting arbitrary functlor‘m(k) 2) 2mo |
andby(k) will be unrelated td; andby. In all other cases, +%(0)(k)% V%0 —K)). (38)

the operation of conjugation will produce not independent
guantities, but conjugated ones. We will make frequent us&Ve shall use this in the next section to calculate the correla-

of this notation in the remainder of this paper. tors. This amounts to doing theintegration in Eq(38) and
taking thee— 0 limit. As observed if9], this must be done
IIl. ADDING A SURFACE TERM TO THE ACTION with care by formulating a Dirichlet boundary value problem

not simply atx’=0 but ate and taking the limit at the end.
The action vanishes on-shell, so something must be added

in order to obtain a generating functional for the boundary IV. BOUNDARY CFT CORRELATOR
CFT. We here follow the procedure given [&0]. Upon
varying the action(2) we find that in order to obtain the In the case of a spinor fiel®], it was found that as the

Euler-Lagrange equations of motiaB) and (4), we must boundary ak®=e—0 is approached)™ andy~ are related
discard a surface term. Usually it is understood that onlyby a factor of some power efwith the consequence that one
field configurations which fall off to zero at infinity are con- may be specified on the boundary, while the other must van-
sidered in the variational procedure, and this surface ternsh. Since we will find the same behavior in the present case,
thus does not contribute. However, in AdS space this termve split the field into two partsyy™ and ¢~. We now set
appears as an integral over the boundary, with the result thatbout inverting Eq(35) to write the parameters; andbg in

the equations of motion do not faithfully represent the conterms of the boundary fieldg;(ke), which we will abbrevi-
dition for the action to be an extremum. The solution is toate asy;.. From Eq.(35) we have

1+wp, k- K; 1+ uq ki k-b"
Wi (kf)(dﬂ)lz{ Kc+1/2TY K +keKc- 1/2M3k by +Km —12b;" kEKm*H’Zm—lEIT , (39
_ 1+M1 ki k-y
lﬂie:(kf)(dﬂ)/z”Kc—l/z q —keK c+1/2/-Lsk e by
, K.y k- vk i k7] T kb’
JF'Km,H/sziJer Km+1/2(7i_(2m+1) K FI) KeKp v VT Tk (40)

Multiplying Eq. (39) from the left byy; and alternately bk; /k gives two equations which can be solved simultaneously for

by andk- b in terms of¢;.. We note that in contrast {d.6], where a similar parametég was not determined in terms of the
boundary data and is arbitrarily set to zeog,here can be written in terms of the boundary field. Substitutingack into Eq.

(39) now allows us to solve fdb; . Inserting these expressions foy, k- b, andb; into Eq.(40), ¢;_ can be expressed in terms

of . Since theb parameters are eliminated in this process, we are not free to impose any restrictions on them. The result
is

U= 040, (41
where

k-y k; Kj ki K-y k; k-y
Olj fl'}’| K 7]+f2k 7J+f37l Kk f4k k k +f Talj (42)
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Eachf is a purely imaginary function ofkfe),

f1:5 chllsz;l/zT
1+uy
+5Km_+1/2Km_—1/2m—l Cc+12

M2

1
fZZB

D my

1+

fa== Ke-1Km_ —1/2T

D

m;

f—l +u
b

- Kc+ 1/2Km7 +1/2T
+

2K+ 1/2Km_+1/2T + kEKc—llsz_ +1/2M3 7 kEKc+1/2Km_ —1/2M3

[keKZ 1o KeKE 1= (2m_+ DKy 41K —172]

- KC+1/2Km,+1/2 d

2
2Kc s 1K g T KeKe_1oKm_ 1103 = KeKey1oKm_ —1013

PHYSICAL REVIEW D 61 026002

1+ u, 1+p,y

Km —1o—keK ——
[ m_—1/2 m_+1/2 m,

+uo
—q + kacuz/«%} '

1+uy
Km_ 12— |<€Km_+1/zm—l

+,u,2
Kc+1lzT +keKc_10143],

1+ pg

ke —
m_+1/2 m,

+uo

M1
D K +12Km —1———[Keqpua 1+ po) +KeKe_1ou3],

1+

keK —
m_+1/2 m,

[kaijl/z_ k€K2m771/2_ 2m_+ DKy 112K —1l[Ker 1+ uo) + keKe 1013,

. Km_-*—1/2

f5:|

with the denominator given by
D:i[Drzn_71/2KC+l/2(1+ M2)+kEK§1_—1/2K071/2,U«3
—keKm_+12Km_ —12Kc 4 1/2143]- (44)

In exactly the same way, we may also expr@s*; in
terms of, ., with the result

Yie=Qij¥je (45)
where
Qij:fl')’iT'YJ_FfZ? ')’j+f3')’i?
+f4k TF_'—fST(Sij. (46)

Conjugating Eqs(41) and(45) gives us the additional rela-

tions
Y=,y (47)

U=10,.Q;. (48)

It is now possible to write Eq(38) in a simple form. We

Km, -1/2

(43

sary to express E@38) in terms of onlyy™ andy . This is
easily done by means of Eqg5) and(47). We break up the
field into + and — pieces

6d+1 dk — . _ -

=S [ e B+ TR
+ () Y1y 0 (= K) + dr(K) iy 8 (= K)
Ed+1

; f Ay (9 () Qs (X— V) 1Y), (49)

and then write the correlator as

! (2m)

X(y7Q;+0imyj+Q;+0;)]. (50

The formula which will be used for this integraproperly
regularized 25], is

SWe will see later on that we have no need of local terms; we do

will, in Eq. (56) below, consider a case in which it is neces- not include here terms which contribute only when 0.
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2qI‘(dnLq)
. -4
fd—kdeik*kq: 2 . (51)
(2) d/2r<__q) [/
7 2

To perform thek-integral in Eq.(50), we must expan®
andQ (and thus eaclfi) and determine the power of bokh

PHYSICAL REVIEW D 61 026002

-V

(1_|_...)
(55)

z\" z
ZKV(z)=I‘(—v)(§ (1+---)+F(V)(§)

where the dots indicate successive even powers Glearly,
which term we consider to be leading-order depends on the
order of the Bessel function. To settle this point, from now

negative power ok must be discounted, since they will van-
ish by the integral formulés1). Factors of the fornk; do not
pose a problem here; such a factor can be convertbﬁﬁb

taking it outside the integral. Secondly, we must keep only

leading-order terms ire of what remains. To this end we
introduce the notation

GaﬁyEKC+a(k6)Km7+ﬁ(kE)Km7+y(k€)n (52)

and since we will always deal with, 8, y=*+1/2, we abbre-
viate this further in an obvious way. The first fdulunctions
may now be written as

1
f1=5[CiG_ +CoG.. +CsG , ke+CyG, ikel,

1
f=5[CsGis+CoG . ket CsGy ke

+CSG+++k5+CloG++—(k5)2+cllG———(k€)2]a

1
f3=5[C12@7+7k€+ Ci1sGi4+ket+Ci G, ],

1
f4:5[Cl5G+++kf+C17G++—(k6)2+C18G+——kE

+C1gG 4 - +CpeG___(ke)*+CpG_, _Ke],
(53

whereC; »; are constants which can be read off from Eq.
(43). Only the following will be needed:

1+ p I+t pp 1+
1= ) 2= —1 1
d d m;
(1+p1)(1+po)
C18: _C5: - C14:m—v
1

Clg=(2m_+l)C18. (54)

(56)

Other cases may be considered in a similar fashion. A quick
inspection of thd functions shows that in this case, itys
which may be specified on the boundary, so we will need to
make use of Eqg$46) and(47), as mentioned above E@9).

We apply Eq.(55) to obtain the leading-order term in the

denominatoD,

=M

kE Cc—-2m_-3/2
8 (7)

(57)

where M= —(1+ u,)I'(1/2—C)I'(1/2+m_)2. Here we
have introduced the dotted equal sign which denotes
equality up to leading order im, discounting terms which
vanish when integrated due to their powelkpas explained
above Eq(52).%

Expanding th&k-dependent part of a general term fr@n
or Q, we find

Gaﬁy(kf)P
DK
;_izp kG P+1/2] F( C) kG —a+F(C )
oMK |2 “ 2 “
—2C+a ke 2B
X\ —= I'(g—m.) Py

ke p
+I'(m_—pB) > F(y—m_)

ke|”
+F(m—y)<?) 1 (58

Now we use the small-argument expansion of the modi- “In the case of Eq557), the= functions in only the first way since

fied Bessel function

D is not integrated by itself.
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In the expansion of this product, we will refer to individual

PHYSICAL REVIEW D 61 026002

terms by the signs af, 8, andy in the exponent. By inspec- order term in Eq(58).

TABLE I. Powers ofk and e in each instance of the leading-

tion it is seen that the- o+ B+ y term is leading-order iw;
therefore we should ask whether this term will vanish when

we do thek integration.

Table | shows on the LHS all instances, in E8g), of the
general tern’(58) It should be noted that there are also fac-
tors of k! which come from Eqs(42) and(46) so that, for
example, we should con&déﬂk3 rather than Jusf4

On the RHS are the resulting powers ofandk in the
leading-order term in Eq(58). We see that all elements in
the table will vanish when we integrate odeexcept the two
entries indicatingk 2. However, when this part of4 is
evaluated by substltutm@lg and Clg from Eq.(54), we see
that these two terms neatly cancel each other. Thus, the
leading-order term in Eq58) will always vanish when we
integrate. Since it cannot contribute, we must analyze the

seven remaining higher-order terms to see which do. By
similar arguments we see that the next-order terms in Eq.
(58) (for genericaBy) are the—a— B+ vy, —a+B— vy, and
+a+B+y terms. We will make no assumption as to
whetherC is larger or smaller in magnitude tham_, so we
must keep all three of theSelt is also assumed that the
masses are not special in that when we integrate a term of the
form k(M35 it does not vanish. Considering again each
instance of the general ter(®8), we find that the leading-
order terms go ag®™- and e 2¢, and that they correspond
only to the instancexBy=——— andaBy=++ —, both
with P=0° Hence, the only terms in Eq53) wh|ch will
survive thee— 0 limit and thek integration are thé:l, Cz,

C5, C14, andClg terms,

f, —G___. —G,,_ f G,.,._
Lec /oo, ZegtT
K Dk Dk Dk
f G,._ f G
_3=C14 :Jr , _;iclg _++ (59
Dk k Dk3

Writing out explicitly from Eq.(58) the terms which will
contribute, according to the above analysis, we have

SActually, the — a+ 8— y terms turns out not to contribute any-
way.

5The value ofl in Eq. (58) does not matter here since it affects
only the power ofk which appears, and net
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dk ik-(x=y)O.
@mee O
d+2m_+1
= +1
72\ m, T(i+m )
(x—y)i(x—y)j)
X1y (x—y)| &;—2——=-
:‘J’ ( y)( i |x—y|2

Y- (X=Y) ¥ em-
d |X_y|d+2m,+1

1 2

(d—2C+1

(1+p)(m_—3)?7%  T(3-C)

€ 2C

Xy 7"(X_y)7|W:|TQ'C_

| aBy P Power ofk Power ofe
1-——0 0 1
1++-0 0 1
1—+—-1 2 3
1+++1 2 3
1+-—-1 0 1
1++—2 2 3
1-——2 2 3
3+++ 1 0 3
3++-2 0 3
3+——1 -2 1
3++-0 -2 1
3 —2 0 3
3-+-1 0 3

=i 1 1 1

= T|=—C|I|=-m_|T| Z+m_
Dk M |2 2
2m_
x| = 2m_—1
5|k (60)
From Eq.(43), f5 is of ordere®™-, and
f_ F(l—m,) e\ 2m-
S L (61)
Ko TrG+m)

Now the formula(51) can be used to finfldk of Eq. (60).
Substituting the results into E¢42) (conjugateg, doing the
resulting derivatives, and simplifying, we obtain

(62
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Comparing Eq(46) with Eq. (42), we see that it is unneces-  Each of these correlators is seen to be of the form re-
sary to calculatg' dkQ; separately; it can be obtained trivi- quired by conformal invariand®2]. The first correlatof64)
ally from Eq. (62) by switching thei andj indices in the has been obtained previously but the conditjéys, =0 was

¥jv- (X—y) v terms. imposed in12,13, and the parametdx, set to zero ir{16],
The correlato};;(x—y) from Eq.(50) may now be writ-  with the result that the second correlator was not found. Our
ten construction in Sec. Il of the solution to the equations of
motion and subsequent use of the full solution involves no

Yy (X=Y) v such restrictions, thus allowing both correlat(4) and(65)

Q”(X_y):M'[ d to be obtained. It is interesting to note that sinkg de-

pends onC, which is proportional to bh;, the limit m;
v L (Xy)i(x—y); —0 is not well defined. Hence, the massless case cannot be
+ oy (X=y) 5” 2

x—y| recovered in this limit.
€2m_
X x—y[irzm T ACKNOWLEDGMENTS
_2c The authors would like to thank W. N\l for helpful
€ discussions. P.M. is grateful to Simon Fraser University for
+M vy (X=Y)Vic——a—2c1, 63 : > ) _
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whereM, and M,, are constants. The two correlators con-

tained in this expression can be separated by decomposing
the boundary fields, . into two parts, projecting out the com-

ponent orthogonal toy;. To use the AdS-CFT correspon-  The following are useful identities involving the constants

APPENDIX

dence(1), we define the boundary fields defined in Eqs(24) and (14):
Yi —d— _
Xo=vj¥; and o) =¢i— EIX(0> 1-d-2m 1-d+2m,

M=9-1—2m_ M2 d—1+2m_’
so thaty; #i0)=0. The presence of the spinor fieidy) ac-

counts for the correct number of degrees of freedom coming _ 4m(1-d)
from the original @+ 1)-dimensional Rarita-Schwinger 3 d(d-—1-2m_)(d—1+2m_)’
field.
Rewriting in terms of these new fields, while absorbing wy  1+ug 14w,
appropriate powers dof, gives us two correlators, one for the = ;
. ) d-1 m; d
conformal operator coupling to each boundary field
— (X=Y)i(Xx=Y); 1+'U“1: I+tp
(010i) =M Vap (X—Y) 5”'—2W 1+, 2m- m, L
1 m
x ) (64) + _* +1
[x—y[d72m-~1 MTa=17: —omy gy
- 1 C+m_ d(d—1-2m._) d '’
<O;O,23>=MII‘YQ,B'(X_y)WWa (65)
. . . - +3
and the scaling dimensions of the operators A@z d/2 Mo g1 2 B —2m, 1t
+m_ andA, =d/2—C. C+m.  d(d—-1-2m.) d
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