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Abstract. Recently there has been progress on the cal culation of n-point corre-
lation functions with two “heavy” (with large quantum numbers) states at strong
coupling. We extend these findings by computing three-point functions corre-
sponding to folded three-spin semiclassical strings with one angular momentum
in AdSand two equal spinsinthe sphere. Werecover previous resultsaslimiting
Ccases.

PACS codes: 11.25.Tq

1 Introduction

One of the consequences of the celebrated AAS/CFT correspondence [1-3] is
that the planar correlators of single-trace conformal primary operators in the
boundary gauge theory should be related to the correlation functions of the cor-
responding closed-string vertex operators on a worldsheet with S 2 topology.
Then the strong coupling (v/A > 1) behavior of correlators of two “heavy”
vertex operators (with large quantum numbers of the order of /) and a num-
ber of “light” vertex operators (with quantum numbers of order one) is fixed by
asemiclassical string trajectory determined by the “heavy” operator insertions,
and with sources provided by the vertex operators of the “light” states. This
semiclassical approach was devel oped for the computation of 2-point functions
in [4-8]. A generaization to certain 3-point functions was discussed in [8, 9],
and addressed in [10, 11]. The extension to vertex operators was madein [12].

The poster is organized as follows. In the next Section we review the procedure
for computing semiclassically 3-point correlators via vertex operators. Next,
we calculate the 3-point functions of two “heavy” operators, corresponding to
particular folded string solutions with three spins (one in AdS'5 and two equal
ones in S%), and one “light” (dilaton) operator. We consider several limiting
cases. In the conclusion we briefly discuss the results.
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2 Correlation Functions with two “Heavy” Operators

We want to obtain ratios (with respect to the corresponding unit-normalized 2-
point functions) of 3-point functions with two “heavy” integrated vertex opera-
tors V1 and Ve = Vi, (A1 = Ay), and one*“light” operator Vy, for vA > 1

(VE1(x1)VH2(x2)VL(x3 =0)) xiz \°
V(o) O <|xl| X2> ’

where x; are points on the boundary of the Poincaré patch of AdS'5, and x;; =
|x; — x;|. Ci23 isthe structure constant, and A is the dimension of the “light”
operator. With the help of the 2D conformal invariance of the worldsheet we can
represent the structure constant in terms of the Euclidean cylinder *

)

o) 27
C’123 = 2_A/ dTe do VL(Z(T€7U)am(Teva)an(Teva))a (2)

—o0 0

where (2(7e, 0), x(7e, o), Xk (7e, 0)) is an appropriate classical string solution,
which is determined by the stationary point of the action of the AdSs x S°
superstring sigmamodel in the embedding coordinates

[e%s) 27
= g / dr. / do (8YM§YM FOXEIX, + fermions) : ?)
T J—oo 0

YuYM =Y2 + Y2+ VP —Y2 =1, X3 Xp = X7 +... + X2 =1.

We work in conformal gauge and use the Euclidean continuation of AdS's. The
relation between the embedding coordinates, and the global and Poincaré coor-
dinatesin AdSs that we will need below is (x ™, = 23, + ;)

Yoe + Y5 = coshpele, Y1 +iYs = sinh p cosf €1, Y3 + Y, = sinh psinf e?2,

Tm

1 1
Ym:7,Y4:2—Z(—1+z2+xmxm),Y5:£(1+z2+xmxm), 4

wherem = 0,1,2,3; i = 1,2, 3. For more detailswe refer to [7,8,12].
3 Three-Point Correlators for Folded String Solutions

In this Section we apply the methods described above to the calculation of 3-
point functions with two “heavy” operators and one dilaton. The string vertex
operator of the dilaton is proportional to the Lagrangian, and from (2) follows
(wewill keep nonzero value j of S momentum and ignore the fermionic terms)

oo 2
Clos = ca / dr. / do 22 X7 272 (0w Da" +0202)+0X10Xs |, ()
— 00 0

Iwithout loss of generality we choose 3 = (—1,0,0,0) andx2 = (1,0, 0, 0).
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where ca is a normalization congtant (A ~ 4 + j for VA > 1), and X =
X1 +iXy = sinvycosy e,

3.1 We consider a generalization of (3.14) in [12] for the string solution that
determines the semiclassical trajectory. Our solution hasalargespin S = VA S
in AdS and two orbital momenta .J; = J, in S°, and is defined as

1
te = KTe, P1= —iKTe, p=po, p~—InS>1, k=+/p2+v2+m2, (6)
Y
J
e ()
where J = J; + J2. The background (6) approximatesthe exact elliptic function
solution in the limit , ;1 > 1 ontheinterval o < [0, Z]. To obtain the formal

periodic solution on 0 < o < 27 one needs to combine four stretches p = o
of the folded string. Evaluating (5) on the solution in (6) and (7), we obtain

Vi Vs . .
=y dj:zv P1=—1VTe + MO, Po=—1UTe — M0, V=7 =

8ca p? +m?

Crzz = 52 n 1:1s, 8
ToF (447, 514+ 21 Fd+4,51+% -1
IT:24+j 2 1( J 2b+ 2 )+2 1( J 2b 2 ) 7(9)
29 1 s 5 5. _mu 5 5
T, = ——[e™2 R (44, G 1+ Si—e™) =R (445, 51+ §5-1),

(10)

whereby =4+ j(1+%),6 =4+ j+ ij 4. Around m = 0 (10) reduces
to (4.11) in [12], which means that the structure constant indeed goes to (4.10)
in [12] provided that we also shift ¢ from w/4 to 0. The limit © — 0 yieldsa
nonvani shing 3-point function, because we need also m — 0 to have ageodesic
for the classical trgjectory. For the case j = 0, we obtain

6ca(S —1)(8* +45 + 1) (In S + 522
Cl23 =

; (11)

In’sS 9
5 +m
T

Im(S+1)3 \/j2 +
whose large S limit conformsto the discussionin [12].

3.2 We consider yet another generalization of (3.14) in [12] with largespin S =
VA8 in AdS and two orbital momenta.J; = J, in S® (J = J; + Ja)

1
te = KRTe, ¢1 = _i/‘CTe, P = Ho, U= —InS > 17 K= m’ (12)
™

s J
: _ P =J="=.
V=g Y =no, Y1 = P2 WTe v=J 7 (13)
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The background (12) again approximates the exact elliptic function solution.
Evaluating C'123 in (5) on (12) and (13), we get

4+ n? J J
Cia3 = 8ca27/ 1, Z 1z, (14)
H k=0 &

whereZ, and Z,, havethe sameformasin (9) and (10) withé = 4+ j +i(2k —
J)2 in the present case. Around n = 0 the structure constant again reduces
to (4.10) in [12]. Once more the limit © — 0 yields a nonvanishing 3-point
function. For the case j = 0 we obtain (11) with m replaced by n. Another limit
istaking j — 0o, S — oo, while keeping ¢, = ﬁ and /; = % constant. Then
the integrals over 7. and o can be evaluated with a saddl e-point approximation

8mrepedhlls: £2)

C123*f7 (15)
1|, 1+07+43 4 VI+0G4+05—14
h(€1,£2) =——|In 3 In .
2 I+6 V1+6+6 VI+G+6G+0

4 Conclusion

In the present paper we considered string theory on AdS5 x S° and calculated
3-point functions of two “heavy” (string) and one“light” (supergravity) states at
strong coupling, applying the ideas of [12] for computation of correlators using
vertex operators for the corresponding states. We examined the procedurein the
cases of folded strings with three spins (one in AdS and two equal onesin S %),
which generalize the solution used in [12]. Finaly, we provided a number of
limiting cases, which illuminate the physical motivation behind the calculations.
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