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ABSTRACT: In this paper, following the basic prescriptions of Gauge/String duality, we
perform a strong coupling computation on classical two point correlation between local
(single trace) operators in a gauge theory dual to x-deformed AdS3 x S% background.
Our construction is based on the prescription that relates every local operator in a gauge
theory to that with the (semi)classical string states propagating within the physical region
surrounded by the holographic screen in deformed AdSs. In our analysis, we treat strings
as being that of a point like object located near the physical boundary of the x-deformed
Euclidean Poincare AdS3 and as an extended object with non trivial dynamics associated to
S3. It turns out that in the presence of small background deformations, the usual power law
behavior associated with two point functions is suppressed exponentially by a non trivial
factor which indicates a faster decay of two point correlations with larger separations. On
the other hand, in the limit of large background deformations (k > 1), the corresponding
two point function reaches a point of saturation. In our analysis, we also compute finite size
corrections associated with these two point functions at strong coupling. As a consistency
check of our analysis, we find perfect agreement between our results to that with the earlier
observations made in the context of vanishing deformation.
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1 Overview and motivation

The classic mathematical evidences regarding the existence of an integrable structure on
both sides of the AdS5;/CFT, duality [1] might be regarded as one of the major theoretical
advancements that took place during the past one and half decade [2]-[61]. It turns out
that, in the so called planar limit, the dilatation operator associated with N’ = 4 SYM
could be mapped to that with the corresponding Hamiltonian of an integrable spin chain in
one dimension [5]. On the other hand, the integrable structure associated with the stringy
side of the duality has been ensured due to the existence of an infinite umber of conserved
quantities associated with the Lagrangian field equations in AdSs x S° [4].

During the past one and half decades, the quest for an integrable deformation cor-
responding to AdSs x S° superstring theory has been one of the prime focus of modern
theoretical investigation [62]-[99]. Very recently, the novel discovery [73] regarding the one
parameter integrable deformation associated with AdSs x S° superstring sigma model has
drawn renewed attention due to its several remarkable features. At this stage one should
take a note on the fact that the deformed sigma model [73] had been formulated in the
presence of a real deformation parameter (1) such that the model exhibits two character-
istic features-(1) the presence of Lax connection and (2) the invariance under the kappa



symmetry. The kappa symmetry associated with the deformed superstring model turns
out to be absolutely essential in order to ensure a type IIB supergarvity background.
Soon after the discovery of this new class of integrable deformations [73], the cor-
responding deformed target spacetime metric was figured out by authors in [75] where,
considering the so called light cone gauge, they perform the perturbative (2 — 2) S matrix
computation in the Hamiltonian framework. It is also noteworthy to mention that in their
analysis the authors restricted themselves only to the bosonic sector of the full theory.
On of the key outcomes of their analysis was the fact that in the limit of the large string
tension, the S matrix corresponding to the integrable g-deformed model was found to be
in a perfect agreement to that with the corresponding perturbative S matrix computed for
the 1 deformed model once various other parameters of the g-deformed theory could be
related to that with the real deformation parameter n € [0,1) in a following manner,
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The computation [75] further unveils the fact that the full 10D background corre-
sponding to the NS — NS sector supports a metric together with some non vanishing B
field. The metric contribution in the bosonic sector of the Lagrangian could be divided
into two pieces namely, the deformed AdSs and the deformed S°. The Wess-Zumino sector
of the bosonic Lagrangian, on the other hand, sources the non trivial B field in the target
spacetime. Given the above relation (1.1), there are several interesting limits that one
might wish to explore. For example, the limit 7 — 0 clearly reproduces the undeformed
AdS5 x S5 background. On the other hand, in the limit, 7 — 1 the original AdSs x S° gets
mapped into dS5 x H® indicating the fact that the corresponding world sheet theory is non
unitary [78]. Therefore the deformation acts as an interpolation between AdSs x S° and
dSs x H®. In our analysis, while solving the corresponding stringy dynamics associated to
deformed AdS3 C AdSs, we focus particularly in these two limits in order to gain further
insights regarding the interpolating regime.

Before we actually explain the purpose of our present analysis, it worth emphasizing
that the deformed model proposed in [73]-[74] leaves behind it many open issues that need
to be addressed properly. Here we elaborate some of them. Due to the presence of the
curvature singularity at some finite radial distance, o ~ x~! it turns out that strings are
eventually confined within a region, 0 < ¢ < x~!. The vanishing of the beta function [80]
somehow guarantees that such deformations might be allowed by string theory although
its implication is not very much clear at this moment. As a consequence of this, the de-
formed target space metric corresponding to AdSs appears to be with no boundary in
the usual sense [78]. Instead one could think of a holographic screen [84]-[85] and solve
stringy dynamics within the region bounded by this holographic screen. It turns out that
the region bounded by this holographic screen is the only allowed physical region in the
bulk where the classical string solutions as well as the holographic correspondence make
sense [84]-[85]. The notion of the usual boundary (¢ — o0) could however be recovered
only in the limit of the vanishing deformation. As a matter of fact, it turns out that the
spacetime supersymmetry associated with the target spacetime is lost and on top of it the



bosonic isometry associated with the undeformed 10D background gets g-deformed and/or
hidden to its smaller subset. In other words, the original SO(2,4) x SO(6) isometry is
found to be broken down to its Cartan subgroup U(1)? x U(1)3 [78] corresponding to shifts
along various bosonic directions. As a natural consequence of this, the corresponding in-
terpretation and/or the implication of these broken symmetry generators on the properties
of the dual gauge theory is not clear immediately. In other words, it is not known a priori
how various gauge invariant operators and in particular their correlation functions would
be modified under this reduced subset of symmetry generators. However, the symmetries
associated with the deformed 10D background immediately suggests that the dual gauge
theory should not manifest any conformal invariance as well as supersymmetry. Keeping
these facts in mind, it seems quite urgent to build up the necessary mathematical frame-
work that would eventually unveil the hidden symmetries associated with this mysterious
dual gauge theory at least in the regime of strong coupling. These are the precisely the
issues that we consider to be worthy of further investigation.

In order to address the above mentioned issues in a systematic way, in the present
paper we carry out a classical computation on the correlation function [28]-[46] between
heavy local operators in the gauge theory those are dual to classical spinning strings moving
non-trivially over k-deformed background [78]. It is therefore a strong coupling compu-
tation from the perspective of the dual gauge theory. In our analysis, we consider only
the bosonic sector of the full superstring theory [75]. Our analysis might be regarded as
being the straightforward generalization of the earlier proposal in the context of AdSs x S°
superstrings [28], where we compute two point correlations between single trace operators
those are dual to semi-classical string states propagating over s-deformed AdSs x S° ge-
ometry [78]. In our analysis, we consider two types of operators in the dual gauge theory
namely, the magnons and the spikes.

According to the methods developed in [28], the Polyakov action (corresponding to
these semi-classical string states over k-deformed geometry) evaluated at the classical sad-
dle point should correspond to the desired two point correlation between the single trace
operators in the dual gauge theory at strong coupling. For the case of usual AdSs x S°
superstrings, the same prescription provides the correct two point correlation between local
operators in the gauge theory where one could easily identify the corresponding classical
conformal dimension to that with the energy of the stringy excitation in the bulk [29].
However, this is not the scenario that one should even expect to be hold true when the
original bosonic isometry associated with the target spacetime is broken. Instead, it is
quite natural to expect that the usual power law behavior [29] associated with these two
point correlations would be modified in a non trivial fashion.

Before we actually start describing the precise mathematical framework adopted in
our computation, it is customary to mention that instead of considering the full 10D
background, we perform our analysis over the truncated target space of the full deformed
geometry namely, the x-deformed AdSz x S3 [78]. As long as one is concerned only with
the bosonic NS — NS sector [75] of the the full superstring theory, the resulting metric
corresponding to this truncated model turns out to be the direct sum of the two individual
sectors namely the AdS; and the S3. This picture no longer holds true as soon as one



turns on RR fields! [79]. This 6D analogue of the full 10D background possesses two basic
characteristic features namely, (1) the integrability of this model is ensured from the very
outset and (2) the vanishing of the corresponding B field that was originally present in
10D [78]. Moreover, it turns out that this x-deformed AdSsz x S% model admits a RG
flow [78] (in the same sense as that of the two parameter deformed O(4) sigma model)
where corresponding to a large value of the deformation parameter (kK — o), the theory
flows to a UV fixed point namely, dSz x H3.

In our analysis, we consider two types of operators in the dual gauge theory namely
the magnons and the spikes [29] and we compute the associated two point correlations
for each of these operators separately. As far as the bulk picture is concerned, we treat
strings as being that of a point like object located near the physical boundary (the so
called holographic screen [84]-[85]) of the k-deformed Euclidean Poincare AdSs and as an
extended object moving non trivially over three sphere (5%). From our analysis, it turns out
that stringy fluctuations corresponding to deformed S are exactly solvable in the presence
of generic background deformations (k). However, it turns out to be extremely difficult to
solve the same for generic k-deformations associated to AdSs. Therefore, in our analysis,
we choose to explore the corresponding stringy excitation (associated to deformed AdSs)
both in the perturbative (0 < x < 1) as well as in the non perturbative (k > 1) regime.
Our analysis, therefore clearly reveals an intuitive picture regarding the behavior of the two
point function corresponding to some intermediate value associated with the background
deformations (k) during the RG flow.

Considering the perturbative regime associated with AdSs, the corresponding strong
coupling behavior associated with the two point function takes the following form,

20 2r2gA 2 € 4
€ — =228 Jog? |- |+O0(k
> e v B IOt (1.2)

OO0~ (-
which clearly reveals the fact that the usual power law fall off [29] is exponentially sup-
pressed by a non trivial factor. Stating in another way, the above formula (1.2) provides
the small deformation behavior of the two point function between local operators in a holo-
graphic RG flow. The exponential suppression above in (1.2) has its origin in the stringy
dynamics corresponding to deformed Euclidean AdSs sector of the full theory. However,
at this stage, it is worth emphasizing that the associated power law behavior (1.2) (which
is the reminiscent of the usual power law fall off in a CFT [29]) is ezact (in the sense
that we determine the coefficient A, exactly in terms of the corresponding background
deformation (x)) and has its origin in the stringy dynamics associated with deformed S3.
Therefore, considering the above facts together, one might treat (1.2) as being that of a
semi-perturbative expression for the two point function in the gauge theory.

In [79], the authors had explored the corresponding 6D supergravity background supported by k-
deformed AdSs x S2. In their analysis, the authors had constructed one parameter family of supergravity
solution (in the presence of non trivial RR fields, dilation and the three form) in 6D as a consistent truncation
of type ITB 10D supergravity on T*. However, it turns out that for the supergravity background to be a
consistent solution, the parameter cannot be arbitrary and has to take certain specific values in different
limiting conditions.



On the other hand, the nontrivial leading order contributions corresponding to the
non perturbative regime (n — 1, K > 1) has its source in the background deformations
associated with the deformed S sector of the full geometry namely,

s o Ero(h
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It turns out that the contribution from the deformed AdSs sector appears only in the
subleading order and which might be regarded as the consequence of the fact that the
physical AdS3 region allowed for strings eventually shrinks to zero in the corresponding
limit. In other words, at leading order the deformed AdSjs contribution is suppressed
compared to that of the contribution associated with deformed S3. Also it should be
kept in mind that this large deformation (k — o0) regime would correspond into the
enhancement of the so called unphysical domain that has its route in the non-unitarity
associated with the world sheet theory for superstrings in the curved background [78]. To
summarize: (1) the two point function corresponding to small background deformations
exhibits a faster fall off than what is expected from the perspective of the usual CFT and
(2) it gradually saturates to some constant value for large background deformations.

The organization for the rest of the analysis is the following: in section 2, we solve the
stringy dynamics associated with the s-deformed AdS3 x S? background. We use these
solutions in section 3, in order to compute the two point correlations between giant mognons
at strong coupling. We also compute the effects of incorporating finite size corrections [30]
to these correlation functions at strong coupling. We perform identical analysis for spikes
in section 4. At this stage, it is also noteworthy to mention that in the limit of the
vanishing deformation, all our results matches smoothly to that with the earlier findings
of [29] where one could easily identify the entity, Ax.—o = A = Eging as being that of
the classical conformal dimension associated with local operators in the dual gauge theory.
Finally we conclude in section 5.

2 Strings in deformed AdS; x S3

We start our analysis by considering the Polyakov action for open strings over the -
deformed geometry? [78],

ds* = —(0)dt* + f(0)do® + o*dv? + 1(6)dw® +7(8)d6> + cos® §dey* (2.1)
where, the individual metric coefficients could be formally expressed as,
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h= f= (2.2)

2The classical integrability of the deformed model (2.1) is ensured from the fact that the deformed
S? could be identically mapped to the corresponding two parameter deformation of O(4) sigma model
under special circumstances namely, with the choice of the left right symmetric deformation that correctly
reproduces the symmetries associated with the 3D target spacetime [78]. The latter model was proved to
be equivalent to (classical) integrable Fateev’s two parameter SU(2) principal chiral model [100].



such that the NS-NS two form vanishes during the process of consistent reduction from
AdSs5 x S° [78]. Notice that, here o, § and ¢ are the angular coordinates on deformed S®.

From (2.1), it is therefore indeed quite evident that there is as such no mixing between
the coordinates of AdS3 to that with the coordinates corresponding to S3. Hence we can
analyze them separately.

2.1 Solutions in AdSj3
2.1.1 k-deformed Euclidean Poincare AdSs

Our goal in this analysis would be to solve the (point particle) dynamics associated with
the Polyakov action corresponding to open string configurations over the curved back-
ground (2.1). We perform our analytic computations with the choice of the conformal
gauge conditions for the Polyakov action. In our analysis, we would treat strings as being
that of a point like object located near the holographic screen [84]-[85] of the k-deformed
Euclidean Poincare AdS3 and thereby ignore fluctuations on the world sheet of the string.
Before we proceed further, it is also noteworthy to mention that our results are perturbative
as we retain ourselves only upto leading order in the background deformations.
The deformed AdSs sector of the full spacetime could be formally expressed as,

dsias, = —h(0)dt* + §(0)do® + o*d)® (2.3)
where we implement the following change of variables,
o = sinh x (2.4)

which finally yields,
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cosh? y dx
ds? = ——=— ) at’ + + sinh? ydi?. 2.5
AdSs (1 — k2 sinh? X> (1 — Kk2sinh? y) Xy (2:5)

Clearly, the above metric (2.5) is expressed in the so called global coordinates. However,
for the sake of our present calculation, we need to re-express (2.5) in the Fuclidean Poincare
coordinates [84]-[85] which corresponds to Wick rotating the real time axis, t — it.

In order to proceed further, we make the following choice,

1
cosh x = . (2.6)
cos Y
Using (2.6), we finally rewrite the Euclidean AdS3 as,
dt? + dv?) sin?
dsus, = — + dy?. 2.7
SBAdSs = (o2 v —kKZsin?y  cos?y v 27)
Next, we substitute, i i
z=ccosy, r=e'siny (2.8)
into (2.7), which yields,
1 [ dz?+ dr?
“ﬁ&=ﬂ<}¢f+ﬁw2~ (2.9)



Finally, we perform another set of coordinate transformations namely,
' =t=rsiny, ' =1=rcost (2.10)

which precisely ends up being giving rise to the so called Euclidean Poincare AdSs3 associ-
ated with non trivial k-deformations,

1 dz? + da? B K2 (tdx — xdt)?
RO VACE

where, we denote, 22 = (2°)2 + (21)? = 2 + 2. The above equation (2.11) corresponds to

ds?pas, = (2.11)

2,2
R
=25

the exact form of the Euclidean Poincare metric with s-deformations. For the sake of our
current analysis, we re-express (2.11) as,

dspaas, = Z(2,2)dz? + T (z,2)dt* + X (2, 2)dx* + 2K (2, z)dtdy (2.12)

where, the above metric functions could be formally expressed as,

1 1— 2.2
Z(Z,ZE) = T Lo\ T(Z,l’) = —Hiz
22 (1 -5 ) 22 (1 -5 )
1— 2{2 Qt
X(z,x) = i K(z,z) = i (2.13)

2 (1) 20

Before we conclude this section, it is noteworthy to mention that the metric singularity
corresponding to [Z| = % above in (2.12) is an artifact of the inherent curvature singularity
associated with the string metric that was present originally at, o = =1 [78]. On top of it,
from the structure of the above singularity, it is indeed evident that the maximum spatial
volume that one could associate with the holographic screen [84]-[85] cannot be arbitrary
and in fact it is fixed by the corresponding location of the screen at a fixed radial distance
(z = zp) in the bulk and vice verse. In other words, if z = zp be the radial location of the
holographic screen in the bulk, then the maximal spatial region that one could associate
with this screen (for generic background deformation (k)) is given by,

2

Ap = %B (2.14)
such that, zp < z < oo. In other words, the gauge invariant (local) operators as well
as their correlation functions in the dual gauge theory are defined only within the spatial
volume, A < Ap associated with the holographic screen. Clearly, the area associated with
the holographic screen shrinks to zero (Ap — 0) in the limit of the large background
deformations (k > 1). On the other hand, the volume becomes infinitely large in the
limit, k — 0. Finally, considering all the previous arguments it should be clear by now
that the volume, A = Ap could be regarded as being that of the minimal spatial region
that one could associate with z = const. hypersurface corresponding to a given background

deformation (k) in the bulk.



2.1.2 Perturbative solutions

Our next task would be to substitute (2.11) into the Polyakov action and solve the corre-
sponding dynamics on the world sheet. In order to solve these fluctuations, we make the

following ansatz corresponding to the coordinates on the world sheet [29],
z=2(7), t=1H(1), r=1(7) (2.15)

which finally results in the Polyakov action of the following form,

Spads, = - / o )(0r2)% + T2, 2)(0:0? + X (2, 2)(0:0)% + 2K (2, 2)(0:4) (0:1))
(2.16)
where, T = TV1 + 2 (with, T = %) is the effective string tension [78] associated with
the deformed background.

In order to proceed further, we first note down the equations of motion associated
with the coordinates on the world sheet namely, z(7) and, x*(7) where, we combine the
remaining set of variables into a single variable, ¢ = {2° = t,2! = ¢} which yield the
following set of equations® in the background deformations,

Z/Q ( 7_) x/aQ

2 4y
0 e PRI 06 =

2" (1) —

=Z97) + O(k*) =0 (2.17)

where, the functions I'(7) and Z%(7) could be formally expressed as,

2222 x2z 1 222 2rt'y!
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In order to solve (2.17) perturbatively in the deformation parameter (), we consider
the following expansion for the variables namely,

2(1) = ()( )+ w22 () + O(kY)
2%(7) = 2O (1) + k222D (1) + O(k%). (2.19)

Substituting (2.19) into the equations of motion (2.17), we first note down the zeroth
order equations,

o) _ 02 ra(0)2

o T om Y
1a(0) ,1(0)
o0 BT (2.20)
0

3Here, prime corresponds to derivatives w.r.t. 7.



In order to solve (2.20), we first note that,

2@ =2 (2.21)

Substituting (2.21) into (2.20), we finally solve zeroth order equations,

1
) (1) =
20 cosh 57
2O () = 1 tanh 57 (2.22)

V2

which thereby correspond to a specific parametrization of geodesics in AdS3 [28].

Our next task would be to use these zeroth order solutions in order to obtain the leading
order corrections due to the background deformations (k). The corresponding equations
at leading order turn out to be,

o L0200\ g () 0\
2(0) 2/(0) 2(0) 2(0) 2/a(0) 2(0)

ot _ 2000 (x'“ﬂ) S0 L0

_ =(0) _
2(0) 20 T 210 z(0)> +EV(r)=0 (2.23)

where, the entities like, I'®(7) and Z(©) (1) comprise of all the zeroth order solutions in .
A straightforward computation yields the following,

—~

(0) (7‘) = _/62 Slnh IBT tanh ,BT
2

=20 (r) = \Bﬁ tanh 3. (2.24)

Substituting (2.24) into (2.23), one finds,

2
2" 498 tanh Bz’ — %(1 —3tanh? 67)2(1) + <m

2'*M) — 82 ginh B7 tanh S = 0
cosh 51

2
2a(D) 4 23 tanhBTx/a(l) _ ( V2P ) L) _ \@52 <tanhﬂr> L) B—tanhﬁf _o

cosh 87 cosh Bt V2
(2.25)
The first equation in (2.25) could be schematically expressed as,
(Dr +m?)20) = (. (7)
J)(1) = —v/28 cosh Brz'V) + 2 sinh? 87 cosh B (2.26)

where, D, = 8T((:osh2 pB70:). One could express the corresponding solution in terms of
Green’s function that eventually yields,

Z(l)(T) = —/dT/g(z)(T, T’)ﬁ(z)(r’) (2.27)



subjected to the fact,
(Dr + mQ)Q(Z)(T, )= =6(r —1'). (2.28)

Let us now focus on the second equation in (2.25). Like in the previous example, this
equation could also be expressed schematically as,

DTl‘a(l) = 3(1) (7’)
2

Iy (1) = V2 cosh 2’ 4+ /242 sinh Sz — \5/5 sinh 37 cosh 7. (2.29)

The solution turns out to be,

220 (r) = — / 47 Gy (1, 7Y 3y () (2.30)
where, G, (7,7') is the corresponding Green’s function that satisfies,
D;G(z) (1,7) = =6(r — 1) (2.31)

together with some specific boundary conditions that will be discussed below.*
Therefore, the complete set of solutions upto leading order in the deformation turns

out to be,
_ 1 2 / N~ / 4
2(1) = cosh 7 K /dT G (1, 7)J()(7") + O(K7)
1
(1) = ﬁ tanh 81 — k2 / dT'Q(x) (1, 7")3(3&) (') + O(x4). (2.32)

Substituting (2.32) into (2.16) and retaining ourselves upto leading order in the defor-
mation (k) we find,

A~

T
SpAds3 = *(S(O) + HZS(D) + O(KJ4)

2
T s/2 L )
=3 s dr /_L do5%~(T)
(1) =1+ K2R(1) + O(xY) (2.33)

where, the full Polyakov action could be formally expressed as the sum of the usual on-shell
piece without any deformation [2§],

s/2 L
3@:/ m/dw2 (2.34)
—5/2 —L

and the contribution to the on-shell action sourced due to the background deformations
namely,

s/2 L
s —/ dT/ doB2R(T) (2.35)
—s/2 —L

“In the appendix, we provide the most general form of the solution corresponding to these Green’s
functions in the frequency () space.
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where, the function,

R(r) = 23~ sinh f7 / dT'gEZ) (7, T’)J(Z) (7') + 2sinh A7 tanh 7 / dT'Q(z) (1, T')J(Z) (")

— 2\/5/671 /dT/gEr) (T, T/):f(z) (7—/) + /dT/g(z)(Tv T/)‘?(Z) (T/) +sinh” pr

(2.36)

cosh Bt

yields the first non trivial correction to the Polyakov action in AdSs in the presence of the
background x-deformations.

Note that, in order to arrive at the equations of motion, we had deliberately dropped
the boundary terms (associated with a constant 7 surface) in the Polyakov action which
thereby invokes certain boundary conditions for the fields on the world-sheet. We are
now in a position to implement these boundary conditions [28]. The first set of boundary
conditions that we implement is the following [28],

2(—s/2) =e€. (2.37)

2(s/2) =€ (2.38)

where, € is some appropriate UV cutoff (in the presence of background deformations) such
that, |e — zp| < 1 together with the fact that the bound, a:?c 2 Ap is satisfied.

Considering the zeroth order solutions for B(~ 2 log(z/€)) (where, (< 1) is the usual
UV cutoff without background deformations [28]), it is in fact quite intuitive to note that
to leading order in the deformations,

~2

€ dm 71 s 77_/
Gay(5/2,7) = Goy (/2 7) =~ o / emimaEy/2) (2.39)
f

which therefore yields a vanishing contribution at the end points of the time evolution.
Using (2.39), it is now quite trivial to note down,

_ 1 /<62€2
2(Es/2) = cosh B(£s/2) +O(="E)
2%(s/2) = —— tanh B(£s/2) + O(x282) (2.40)

V2

where, we could ignore the subleading contributions as they appear as a fourth order
term in the perturbative expansion. Therefore this implies that upto leading order in the
deformation,

B~ glog(xf/e) +... (2.41)
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2.1.3 A note on large k solutions

In this section, we study equations of motion corresponding to the large values of the
background deformations (k > 1). In the presence of large background deformations, the
corresponding Polyakov action (2.16) takes the following form,

T (d%0 , , 2 1
Spadss = ) / — (it —t')"+0 =) (2.42)
The corresponding leading order equations of motion turn out to be,

t2 Pt;/
vl1+2)+8 —p
<+x2>+a}2
2 /
t
e B ) 4B g 2.43
(e 5) 5 (2.43)

The solution corresponding to the above set of equations (2.43) could be formally
expressed as,

(r)=tr)=c+ 0O (;) . (2.44)

Therefore, in the non perturbative (k > 1) regime, the leading order contribution
to the on-shell action vanishes. Let us now go beyond this trivial regime and consider
corrections corresponding to the next sub-leading order at large k. The corresponding
action takes the following form,

T [ d% o T d*o 2
Spads; = 5 / — (it — ') — 52 | ot (x22’2 — 22 (xt' — ) ) +... (2.45)

Considering the following fact namely,

)~ (1) ~ O < ! ) (2.46)

K2

it is quite trivial to notice (without solving any of the equations of motion explicitly),

1
SPAng ~ Q0 (/ﬁ)4> + ... (247)

which thereby possesses a vanishingly small contribution (to the full on-shell action
(SAdssxs3)) as compared to that of the corresponding contribution appearing from S3
in the large k(> 1) limit (as we shall see shortly). In other words, in the non pertur-
bative regime (k > 1), the dynamics associated with the two point correlation is largely
determined by the corresponding partition function associated with the three sphere (S3).
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2.2 Solutions in S3

We now consider the dynamics of strings in S3. In order to proceed further, we choose the
following ansatz [29],
0=0(), p=vr+g(), ¢=C (2.48)

where, ¢ = ar 4+ bo. With this choice in hand, we essentially confine ourselves to the
subspace S? of the full three sphere.

In order to proceed further, we first note-down the equation of motion corresponding
to ¢(¢) which yields,

sin?
O, <(1—|—/<;2£320)(W + (a? — b2)g’(q))> =0 (2.49)

where, the prime denotes derivative w.r.t. the variable, .
Integrating the above equation (2.49) once we find,

, 1 C(1 + k?cos? 6
g(<)=M<au— ( JFSmQH )) (2.50)

where, C is some integration constant.

We now focus our attention towards computing the equation of motion correspond-
ing to 6(¢). In order to do that, instead of considering the dynamics directly, we turn
our attention towards the first integrals of motion namely the Virasoro constraints of the
theory [26],

Tyr + Ty + 2155 = 0. (2.51)

A straightforward computation yields the following,

2,2 2\2 52 22 2 2\2
1 1
6’2:% < +HC> —sin? 6 + C+r7) 2511129— C++x7) 5
(b%—a2)?sin” 0 bw b2v2 (1 + %) b212 (1 + %)
(2.52)
As a next step of our analysis, we factorize (2.52) as,
2,2 20\ 2
972 = o [;2;2 o~y (1 + Hﬁf) (sin2 O pnax — Sin> 9)(31112 0 — sin? Omin) (2.53)
where,
52(1 22
sin? o + sin? O = C(L++) 5
K2C
52V2 (1 + b7>
C%(1 + K?)?

(2.54)

sin? O pax SIN? Oy = )
62,2 (1 + =€ 2
v e

Notice that, here 0. and Omin correspond to extremal values of 6 such that 6/ = 0.
It turns out that the size of the magnon and/or spike in the dual gauge theory could be
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estimated by means of Oy, [29]. In our analysis, we first consider the infinite size limit
associated with these single trace operators in the dual gauge theory. This infinite size limit
corresponds to setting, sin O, = 1 in the bulk. As far as the dual field theory is concerned,
this infinite size limit would correspond magnons with large angular momenta together with
finite angular difference (or momentum) and spikes with large angular difference between
its two end points together with finite angular momentum [29].

At this stage, it is noteworthy to mention that the two point correlations between these
heavy states in the dual gauge theory should not follow the usual power law behavior [29]
of a CFT and in fact there should be a clear deviation from the usual power law behavior
indicating the fact that the original conformal symmetry is broken. Therefore it remains
as an interesting direction to be explored how does this two point correlation behave in
the presence of an integrable one parameter background deformations [73]. In the first
part of our analysis, we precisely address this issue by analytically computing the two
point correlations between two heavy magnon states. In the second part of our analysis,
considering the large size limit, we compute two point correlation function between single
trace operators dual to spiky constructions over the deformed background. We also discuss
the finite size corrections to these correlation functions in each of the above examples.

3 Magnons

3.1 The large size limit

Both the infinite as well as the finite size limit for magnons correspond to setting, 0, = 0
at 0 = Onax [29]. For Onax = 5, this implies a large value for the angular momenta at a
finite angular difference [29]. Using (2.50), this naturally implies,

C(1+ x?)

.2
SIN“ Opaxy = ————. 3.1
e av(l + ch) (3.1)

av

The infinite size limit for magnons corresponds to setting, C = av [29]. Substitut-
ing (3.1) into (2.54), this further yields,

2 1 2\2
Sin? g = LR (3.2)

b2 (14 x20)’
(1+)
Clearly, in the limit, x — 0 one recovers the results corresponding to the giant magnon

solutions constructed over the un-deformed background [29]. Using, (3.1) and (3.2) we can
re write (2.53) as,

b2y2 ,‘QQC 2 C(l + /12) ac<1 + K2)2

i 102 .. 92

"= (b2 — a2)2sin? ¢ <1+[w> ﬁ—sm 0| | sin 9_—22
ClV( + Clill) bQV (1 + nTa>

(3.3)
The purpose of the present analysis is to perform an explicit analytic computation

on two point correlations between two heavy magnon states in the classical limit [29]. It
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turns out that in the classical limit, the path integral is dominated by the Polyakov action
evaluated at the classical saddle point [28]. Following the original prescription [28], the
classical Polyakov action (corresponding to S%) for giant magnon solutions turns out to be,

Spgs = Spgs — /d% (ng' + Hw) (3.4)

where, 11y and II, are the conjugate momenta and dot corresponds to derivative w.r.t. 7.
A straightforward computation yields,

Spgs = —7; / d*o (%(e)m2 6202 + 5(0) (V2 + 2avg’ + (a® + 52)9’2)) : (3.5)

Using (2.50) and (3.3), we finally obtain,

2k2ab cos?

. L p2 (14 2ulabeos?0
_ T dT/ do ( (a+b)” )
2 Jor

Spss = 2/, (1 + k2 cos?0)
_ : 2k2ab cos? 6
s (14 59) / w2 sing (1+ 2720550 df
b 0 cosO(1 + k2 cos?0) | /sin? 6 — sin? fin
= —TsLv*eM) (3.6)
where, the entity ©™) could be formally expressed as,
-1 . : 2k2ab cos? 9)
oUn = @ (1, K / (2 z (3.7)
L b bin COSO(1+ K% €052 0) \/sin? 6 — sin? Omin '

and « is some numerical prefactor. Interestingly enough and unlike the AdS3 example, the
above expression (3.6) is ezact in trms of the background deformations. Finally, it is also
noteworthy to mention that, in the limit, x — 0 one could trivially convert the 6 integral
into an integral over o which finally yields, @) = 1.

Combining (2.33) and (3.6), we finally obtain,

. 4
1S padssxs3 = 11'sL <S2Z(s) log? |x—f| - VQG)(M)> (3.8)
€

where, the entity Z(s) could be formally expressed as,

2 prs/2

Z(s)=1+ - ) dr&(T) + O(k%)
S J—s/2
=1+ /fQ(s) + O(k%) (3.9)

where, the functional form of Q(s) could be uniquely fixed by means of the corresponding
saddle point equation evaluated at the classical saddle point.

As a next step of our analysis, we determine the classical saddle point, s = § which
is achieved by varying the action (3.8) w.r.t. the parameter s that yields the following
differential equation,

_1_ et (Q(S)>' 2 <Q(3)> 0. (3.10)

s_4log2]%f| s s?
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In the following, we would work out the saddle point solutions corresponding to (3.10)
upto leading order in the deformation parameter. In other words, our solutions would be
valid ~ O(x2). These solutions turn out to be,

Q(5) = Q(5©) = igs”® + O(x?)

s~ ———=1log || (3.11)

where, q is the integration constant.
Substituting (3.11) into (3.8), the semi-classical partition function evaluated at the
classical saddle point turns out to be,

2
‘ " K7 q xf € 12ax
ZSAdS3><S3 ~ <1 + L IOg ’€|> lOg |;f‘ (312)

which in the limit, K — 0 precisely matches to that with the standard formula corresponding
to the semi classical string partition function estimated over the AdSs x S? background [29].
Here, the entity, 5
A, = T/ dovV OM) (3.13)
—L
could be thought of as being that of the reminiscent of the classical conformal dimension
associated with heavy single trace operators in the dual gauge theory. In the limit, K — 0
this precisely matches with the classical conformal dimension associated with single trace
operators dual to long stringy solutions in the bulk.
As a consistency check of our analysis, below we show that in the appropriate limit
(k — 0), our result trivially reduces to that of the giant magnon dispersion relation at
strong coupling [19] where one could easily identify the entity A,—¢ as being that of the
classical energy associated with stringy excitation in the bulk [29].
We first compute the angular momentum,

2 \—1

“ 7T/2 . 1+ K~a 9

J@ = 2T/ Sln@ ( 2b >2 (Sin2 9 _ a2 (1 + K:Q C052 0)) de
Oin €O 01/sin2 0 — sin® Oy, (1 + K7 cos? 0) b

(3.14)
which clearly diverges in the limit, § — 7/2. However, the difference

_orm/2

A, —J,=2T /
’ Omin COS 9\/ sin? 0 — sin? Oin

where, the function §(x2,6) could be formally expressed as,

2 -1 2
3(k%,0) = VOl (1 + M) (1 + M) c08? Omin

(a4 Db) b

—1
(1 i %> -2 a? 2 2
— m (Sln 0 — ﬁ(l —+ K” cos 0)) . (316)

sin 0

3(x%,0)do (3.15)
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It turns out that in the limit, x — 0

/2 ind 0
Ap—g — J, = 2T SIYCo8 0 = 2T cos Oypin (3.17)

Omin \/ sin® @ — sin® Omin

which is finite as expected [19].
On the other hand, the angle difference between the two end points of the string turns

out to be,
w/2 2 -1 1 2
A@Esz/ a<1+m> (1 ++7) cos? db
Omin 0 b sin 9\/ sin? @ — sin® Omin

__ 2 ¢ 1+ ﬁ B (1 + K2)sin™ ! (cos Omin) (3.18)

" Sin O b b - ‘
which trivially reduces to,

Ap = p = 2sin" ! (cos Oin) (3.19)

in the limit, K — 0. In summary, the dispersion relation [19, 29],
Ao — J, = 2T sing| (3.20)

is trivially satisfied in the limit, x — 0. However, the above relation (3.20) does not hold
in the presence of background deformations and it receives non trivial corrections namely,

/2 sin 6

3(x%,0)do (3.21)

Ay —J :2T/
" Omin €OS01/sin% 60 — 1 + sin? A

where,

2 -1 2
F(k2%,0) = Vo) <1—|—M> (1—|—M> sin? A@

(a+b) b
—1
(1 i %> 2 a? 2 2
— m (Sln 0 — ?(1 + K* cos 0)) (322)
together with the fact that,
- 2a -1 K/2a 2y—1

Therefore, the excitation associated with the gauge theory dual to k-deformed back-
ground are not magnons in the usual sense. As a natural consequence of this, it is also not
quite confirmed whether the corresponding spin chain description holds for the dual gauge
theory in the limit of weak couplings.

We now compute two point function between magnon like excitations in the dual gauge
theory. Following the original prescription [28], the corresponding two point correlation
between the heavy magnon like states finally turns out to be,

. QAK, _QHQqAN o 2| € KZ4
OO = ePrmwest (L) ETIEIND g

Xy
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where, the exponential suppression above in the two point function (3.24) has its origin
in the point particle dynamics within the deformed AdSs sector. On the other hand, the
associated power law behavior is exact in the deformation and its origin lies entirely on
the dynamics of strings over the deformed sphere. It is therefore quite tempting to claim
that (3.24) is a semi-perturbative result in itself.
The above relation (3.24) is also quite intuitive in the sense that for a given separation
(0x = x¢), the leading contribution to the two point correlations between heavy magnon
like states is exponentially suppressed compared to that of their cousins in the gauge theory
(CFTs3) dual to undeofrmed AdS3 x S3. In other words, in the presence of background
deformations, the leading contribution to the two point correlation function between two
heavy operators dies at rate faster compared to that of the original unreformed theory.
Before we finish our discussion, it is worth specifying the corresponding behavior of
the two point correlation in the non perturbative regime, namely for x > 1. It turns out
that in the non perturbative (k> 1) regime,
T se(M)
Spgs = % +0 </€14> (3.25)
where, ¢(M) = 2ev(b=0) sinz g le] < 1.

(b+a) cos?e
The above equation (3.25) clearly exhibits the fact that in the non perturbative regime

(k> 1), the dominant contribution to the two point correlation appears from the sphere
partition function. This might be regarded as the consequence of the fact that in the limit,
k> 1, the allowed physical region for strings moving in AdS3 eventually shrinks to zero [78].

Using (3.25), the two point correlation function associated with giant magnon like
states in the dual gauge theory could be formally expressed as,

i's (M)
(OO0 rsoe ~ e oz +OGH)

3.2 Finite size corrections

(3.26)

Having done our explorations on giant magnon two point correlations, the purpose of this
section is to pursue the same computation in the finite charge limit. In other words, we
compute two point correlation function between single trace operators of finite length. In
order to do that, the first thing we consider is to set Oax # 5 which in turn implies that,

2
sin? Omax = M
av(l+ ’Z—Vc)
K2C
1 2 1 + “av
sin? O iy = aC(1 + k) ( ¢ ) (3.27)

(esg)
such that, C # av. As a consequence of this we note,
b2, 20N [ C(1++2) (i) (1+58)
9/2 = m <1+[]V> ﬁ—SiHQH sin2 9— b21/ )
—a“)“sin av(1+£~& K2C
V( av ) (1+W)
(3.28)
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Our next task would be to compute the on-shell action (3.5) corresponding to deformed
S3 which for the present case yields,

_ T [*? L cv 0(0)
- d do = &9
Sps? 2 ) g2 T/_L 7 (14 K2 cos?0)

= fTsL%@%M) = 7TSLVI2;‘@E;M)
0
() _ L[ o(9) 5
OF L /9 0'(1 + k2 cos? 6) 40 (3:29)

where, the entity o(f) could be formally expressed as,
() = (a? +62)(1 + x2?) b2 (1 T H2C>2 +q? (1 + E2C>2 B 4026 (1 + k% cos® 0)
o= (62 — a2)2 (1 4 ﬂ) bv av (62 — a2)2
av
(b2 — a2)2

Two points are to be noted here. First of all, the above expression (3.29) is an ex-

[sinZ 0+ %(1 - rﬂ)] . (3.30)

act result in terms of the background deformation and secondly it produces the correct
result [30] in the limit, x — 0.
As a next step, we write down the total action,

) o 4 T M
iSadssxs3 = 11'sL (822(5) log2 \?f] — 1/]2:@5, )> . (3.31)

Following the same steps as earlier and evaluating (3.31) at the classical saddle point
we find,

2
. ~ K™q xf € QA,E;F)
ZSAngXS3 ~ (1 + I/F'log|€|> 10g|;f’ (332)

L
AE) :T/ dovpy /O (3.33)
L

becomes exactly the classical conformal dimension associated with finite sized single trace

where, the entity,

(magnons) operators in the limit, kK — 0 [30].
Finally, we note down the corresponding two point correlation function between single
trace operators of finite size which takes the following form,
(F) )
6 )MK 220 g2 | £ | o(x)
e F f .

(O(0)0(ap) s ~ ( (3:34)

Therefore, compared with the previous example, the only difference that we encounter here

wf

is that the entities like, A, and v are now corrected due to the finite size effects.
Like in the previous section, we now focus on the large x(>> 1) behavior of two point
function in the limit of finite size corrections where we note,

i iTselM) 1

(M) 4evpa®b® gine
where, €} (bQEaQ)C o g
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Using, (3.35), the finite size corrections to two point correlation function in the limit
of large background deformations could be formally expressed as,

(OO e TO(H), (3.36)

4 Spikes

4.1 The large size limit

Having done our computations on two point correlations between single trace (magnon)
operators, we now turn our attention towards the computation of two point correlation
function between operators dual to spiky string solutions over the k-deformed background.
We first consider the large size limit which corresponds to a large angular difference between
the two end points of the spike [29]. The corresponding boundary condition that one uses
is, 0 = 0 at 0 = Oax [29] which for the present case yields,

1 2
sin? Oax = L_‘_"z)
02 (1+ 54
B C(1+#2) (14 55)
sin® Opin = ) (4.1)

2
2C
av (14 5)

The large size limit corresponds to setting, sin? fyax = 1 which in turn implies, C = =
Using this value for the constant we find,

201 4 x2)2
Sin2 Omin = L’% (42)
a? (1 + %)
Finally, the on-shell action (3.5) corresponding to deformed S2 turns out to be,
— T 5/2 L b2l/2 6(9)
Spgs = —— d d
e 2.) s T/—L 7 (62 — a2)2 (1 + k2 cos?0)
= —TSLL@<S> = —TsLi*0®)
(b2 — a2)2
L[ &)
W=< dg 4.
© L /gmm 0’ (1 + K2 cos? 0) (4.3)

where, the entity £(0) could be formally expressed as,

2p 0\ 2 2 .2 2 . .4
£(0) = (a® +b%) <1+Kab) COSZQ—EM(1—|—K2)2 +M(1+52)2

a? sin2 6

b2 (1 & K2 cos? 0)2
+a25in20—262(1+/@2c0529)+—w.

a2 sin2 0 (44)
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It is now quite trivial to check that in the limit, x — 0 one finds,
(62 _ a2)2
a2

£(0) =

which upon substitution into (4.3), clearly reproduces the previous results of [29].

(4.5)

Following almost similar steps as that for the magnons, the full Polyakov action turns
out to be,
. 4 z
iSadssxss = iTsL (23(3) log? | =L | — 172@(5>> : (4.6)
S €
Evaluating (4.6) at the classical saddle point, the two point correlation function be-
tween single trace operators corresponding to the dual field theory turns out to be,

QAK 2m2qA 2| € 4
€ — =128 Jog® |- |+O0(k
> B |25 1+O(s) (47)

(O(0)O(p) (xf

where, the entity A, associated with spikes turns out to be,

L
Ae=T / doi/ 0, (4.8)

-L
As expected, the qualitative behavior of the two point correlation (4.7) does not change
compared to that with the previous example with magnons. On the other hand, the only
difference between magnons and spikes appears to be in the coefficient, A, which in the
limit, k — 0 precisely matches to that with the classical conformal dimension associated
with the single trace operator in the dual gauge theory.
Like in the case for magnons, we now compute two point function in the limit of large
background deformations. A straightforward computation yields the following,
T @ ()
Spgs ~ % 4o </-@14> (4.9)

(S) _ 2ev%a(b2—a?) sine
- v cos?¢e”
Using (4.9), it is now indeed trivial to compute the corresponding two point function

where, €

which turns out to be,

'3 (S)
(OO0 soe ~ e 0GH),

4.2 Finite size corrections

(4.10)

Like in the case for magnons, we consider, Oiax # 5 in order to explore the effects associ-
ated with the finite size corrections on two point correlation function between single trace
operators in the dual gauge theory.

With this choice in hand, we note,

1 2
sin? Omax = —aC( + /42 )
b2y (1 + “ﬁf)
, C(1+k2) (1+ 54
sin® Omin = (4.11)
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together with the expression for,

2.2 K20\ 2 2
1
0% = 3 b2V2 3 <1+C> _aclta) +,2) —sin? 9
(b2 — a?)?sin” 0 br [12y<1+f127ayc>
+

) (4.12)

sin? 6 —

( *i)
b
such that the coefficient, C # [’27”
Using (4.12), the on-shell action (3.5) corresponding to deformed S3 turns out to be,

_ T s/2 L b21/2 fF(Q)
Srw == [ [0

b2 — a2)2 (1 + k2 cos? 6)

2
= s el = Tsriteld)

(b2 — a?)?
Oms
(S) 1 max €F(9)
= = 4.1
OF L /Omin 0'(1 + K2 cos? 0) 40 (4.13)

where, the entity £7(0) could be formally expressed as,

2 k“aC
@) (e ety (L, GO (145

Er(0) = —— 1+ - sin“6 | | sin“6

sin® bv b2y (1 4 %) <1+ n2c)

(a2 —b2)2 (a? +b?)sin%0 C(1+ k2 cos? ) 2

+ 02 sin” 0 + 02,2 av gy
2asin? 0 C(1 + k% cos? )
e <a1/ - 0 ) . (4.14)

Finally, following the same steps as in the previous examples, the two point correlation
function between single trace operators takes the following form,

244 72m2qA,@1 2| € 4
€ ) o og |zf|+(’)(/c ) (4'15)

<0@0@ﬂm~<w

where, the entity A, corresponding to operators dual to spiky solutions turns out to be,

L
Ay = T/ doiy /0. (4.16)
~L

To conclude our discussion on spikes, following our previous methodology, we compute
two point function in the limit of large background deformations (x > 1) which for the
present case yields,

(00)0(xf))hsoo e = (4.17)
where, @g}g) = %7 21(2[’5_5‘2) sng
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5 Summary and final remarks

We conclude our paper by mentioning some its possible future extensions that one might
wish to explore. Before going into that, we first summarize the entire analysis performed
so far. The goal of the present paper was to explore the underlying symmetries associated
with the mysterious dual gauge theory description corresponding to k-deformed AdSs x S°
background at strong coupling. We address this issue through a systematic computation
of two point correlations between local operators at strong coupling. Our analysis is based
on the basic principle [28], that relates every local operator in a gauge theory to that with
the (semi)classical sting states propagating over the curved geometry.

In order to compute the two point function at strong coupling, we first solve the corre-
sponding stringy dynamics within the physical region bounded by the so called holographic
screen [84]-[85] in deformed AdSs. In our analysis, we consider two classes of local opera-
tors in the dual gauge theory namely, the magnons and the spikes. It turns out that one
could solve the dynamics for strings quite exactly in deformed S3. However, it does not
quite work that well for the deformed AdSj3 sector. Considering both of these scenarios
together, we finally able to probe the behavior of the two point function corresponding to
two extremal limits of background deformations namely, the (semi)perturbative as well as
the non perturbative (k > 1) regime. Our results could therefore be extrapolated further
towards the interpolating region in order to have a full qualitative understanding on the
behavior of the two point function for generic background deformations.

Our analysis reveals that in the limit of small background deformations (0 < k < 1)
associated with the deformed AdSs sector of the full background geometry, the correspond-
ing two point correlation function between single trace operators in the dual gauge theory
is exponentially suppressed and as a result it decays at a rate faster than that what is
expected in the usual framework of a CFT [29]. This indeed confirms that the associated
conformal invariance in the dual gauge theory is explicitly broken and also clarifies all the
previous arguments [78] in favor of this observation. One should further take a note on the
fact that for strings attached to the holographic screen the correlation function eventually
vanishes due to large exponential suppresion.

Considering the other limit namely, x > 1 we observe that at leading order in the
background deformations, the corresponding two point function receives contributions from
S3 and the contribution from AdSs appears only at subleading order and which is thereby
suppressed compared to that of the sphere contribution. This eventually results in the
saturation of the corresponding two point function at large background deformations.

Before we conclude finally, it is worth emphasizing that answers to various doubts
and/or confusions associated with n-deformed models are not yet upto the mark. It still
remains as a matter of debate whether the deformed sigma model leads towards any type
1IB string theory after all. In this paper, instead of addressing this issue, we choose a rather
different question to be addressed namely whether the usual notion of Gauge/String duality
makes sense corresponding to classical target space solutions associated with n-deformed
model. As far as two point correlation (between heavy operators) is concerned, we find
sensible answers. However, many questions are yet to be addressed that one might wish
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to explore in the future: (1) It would be really nice to uplift the present calculation for
rk-deformed AdS5 x S® superstring model in the presence of non vanishing background B
field, (2) A systematic computation of the three point correlations between local operators
might shed further light on the symmetries associated with the mysterious dual gauge
theory description at strong coupling. (3) The present analysis could also be performed
in the presence of Lax pairs. It would also be nice to compute two point functions for
backgrounds without integrable deformations for example black hole geometries where
the dual field theory exhibits some suitable IR cutoff. We leave these issues for future
investigations.
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A Solutions for g(z,m)(T, 7’)

Here, in the appendix, we provide the classical analysis regarding the most general solution
corresponding to the Green’s functions (2.32) associated with the point particle dynamics
in deformed AdS3;. We consider the most general equation of the following form,

(Dr + EQ(T))Q(T, )= —-6(r — 1) (A.1)

where, D, = 0,(f(57)0;) for some general function, f(57).
Let us consider the following Fourier transform for the Green’s function in the frequency
(tv) space,

1 ) /
G(r,7') = 2F/alme_m’ﬁ(T_T )Q(m). (A.2)

Acting by the L.H.S. of (A.1), the above equation (A.2) yields,

(Dy +¥(1))G(7,7) = —% (2§(87) + ivof (B7) — €)e ™) G (1) dv. (A.3)

Using (A.3), from (A.1) we obtain,

1
G(w) = 567 T imf (3r) — & (A-4)
which upon substitution in (A.2) finally yields,
, 1 e—imB(T—T/)
G(r.7) = oz / I 25 (Br) + i (B7) — €)' (A:5)
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