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Abstract. The aim of this paper is to investigate semiclassical rotating string
configurations in the recently found Lunin-Maldacena background. This back-
ground is conjectured to be dual to the Leigh-Strassler 5-deformation of V' = 4
SYM and therefore a good laboratory for tests of the AdS/CFT correspondence
beyond the well explored AdSs x S5 case. We consider different multispin
configurations of rotating strings by allowing the strings to move in both the
AdSs and the deformed S° part of the Lunin-Maldacena background. For all
of these configurations we compute the string energy in terms of the angular
momenta and the string winding numbers and thus provide the possibility of
reproducing our results from a computation of the anomalous dimension of the
corresponding dilatation operator. This can be achieved by means of the Bethe
ansatz techniques for the relevant sectors of the corresponding Yang-Mills the-
ory. We also compare our results with those for multispin rotating strings on
AdSs x S°.

PACS number: 11.25.-w

1 Introduction

The idea for the correspondence between the large N limit of gauge theories
and string theory was proposed over thirty years ago [1] but its realization was
given when Maldacena conjectured the AdS/CFT correspondence [2-4]. Since
then this became a major research area and many fascinating discoveries were
made in the last years. These include the discovery of Gubser, Klebanov and
Polyakov [6] that the energy of certain string configurations in the limit of large
quantum numbers reproduces the behavior of the anomalous dimension of the
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corresponding SYM operator. Soon after that Minahan and Zarembo [24] pro-
vided a way to compute the anomalous dimension of a certain dilatation operator
by presenting it as the Hamiltonian of an integrable spin chain. These two dis-
coveries opened the door towards many qualitative and quantitative checks of
the AdS/CFT beyond the supergravity approximation. On the string side of the
correspondence many semiclassical string configurations on AdSs x S° were
studied and the classical energies as well as their quantum corrections were ob-
tained * [11]- [23]. On the gauge theory side the anomalous dimensions of the
dilatation operator in certain sectors of the A" = 4 SYM were found (see [27]
and references therein). Moreover these dimensions coincide with the energies
of the corresponding semiclassical strings, thus providing remarkable quantative
proofs of the string theory/gauge theory correspondence [24]- [34]. Neverthe-
less the AdSs x S°/N = 4 SYM is the main and best explored example. Since
the A = 4 superconformal gauge theory is not appropriate phenomenologically
we would like to extend the above ideas to less supersymmetric Yang-Mills the-
ories. Such attempts were made by studying semiclassical strings in less super-
symmetric backgrounds (Maldacena-Nunez, Pilch-Warner and other confining
and warped geometries [35]- [54]) but it was not completely clear how to repro-
duce the string theory results from the SYM side. Fortunately such a possibility
emerged when Lunin and Maldacena [7] found the gravity background dual to
the Leigh-Strassler 3-deformation of A/ = 4 SYM. A quantitative check of this
correspondence for the su(2) sector was made in [10], thus giving the hope that
we can extend the remarkable previous results to this case. Moreover in [9]
the integrability of the string Hamiltonian on the Lunin-Maldacena background
was proven by finding a Lax pair. This suggests that the interplay between inte-
grable structures in AdSs x S5 [26] and A = 4 SYM is also present in this less
supersymmetric case.

These recent developments give us the motivation to investigate semiclassical
strings on the Lunin-Maldacena background. In [10] a simple two spin string
ansatz was considered. In this paper we would like to investigate multispin ro-
tating string solutions, having angular momenta both in the Ad.Ss and the S° part
of the background. Since the anti-de Sitter piece of the metric stays undeformed
under the TsT transformation generating the Lunin-Maldacena background we
expect that the string motion there will not differ from the AdSs x S® case.
However the case of rotating string with three spins in the deformed S° part will
lead to some non-trivial results for the energy. We will consider the following
cases: i)three spins on the deformed S° (J1, Js, J3); ii)two spins on AdSs and
two spins on the deformed S® (S1, S2, J1, Jo) and iii)the most general config-
uration of five spins (S, Ss, J1, Jo, J3). In all of these cases we compute the
energy of the rotating string in terms of the angular momenta and the string
winding numbers. If we take the limit 4 — 0 our results reproduce those found
for the undeformed AdSs x S° case [16]. This should be expected since this is

*see [14] and [15] for a review
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exactly the limit in which the Lunin-Maldacena background reduces to the usual
AdSs x S°. We would also like to note that it should be possible to reproduce
our results from the SYM side. For example the three S® spin solution should
be dual to operators from the su(3) sector, their anomalous dimensions can be
found by a spin chain computation in the same spirit as this was done for the
su(2) case in [10]*.

In the next Section we will briefly review the form of the Lunin-Maldacena
background and find the energy for the rotating three spin string ansatz. In Sec-
tion 3 the case of two spins on AdS5 and two spins on S° will be presented.
In Section 4 we will find the general rotating string solution with five spins and
compute its energy. Finally in the last Section we will present our conclusions
and some open problems.

2 Three Spin String Solution in Lunin-Maldacena Background

We will begin by presenting the form of the supergravity background found by
Lunin and Maldacena

dSztr = R2\/ﬁ{dsid55

3 3
+ (A2 + Gp2do?) + (3 + 3)Godnd (> doi)* ), ()
i=1

i=1
where
1 2 -
G = 1+ +3°)(plns + plos + p3e),
H = 145%(pip5 + pips + p3p3),
By = R*(7Gwy — owdv)),
b= $1+ ¢2 + P3
5o @
dw; = cos asin® asin 0 cos Odad®,
wy = pip3dg1des + p3p3ddades + p3piddsdsr,
p1 =sinacosf,
p2 = sinasin 6,
p3 = cosa.

Now we are going to write the Polyakov action for strings staying at the center
of AdS5 and moving on the deformed five sphere (i.e. strings on R; x Sg).We

* After this paper was completed an interesting paper treating the three spin sector in the case of
completely broken supersymmetry appeared [58].
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will also suppose that the deformation parameter is real (¥ # 0, 6 = 0).

2 [ drd
S = f% / ;T" [yaﬁ\/ﬁ( — Datdpt + Duadpar + sin® ade00s0

+ G'sin® accos? 00, ¢y Ogp1 +G sin? o sin? 000920302
+ G cos? a0 30803 + 342G sin* o cos? asin® 6 cos? 0
X (Oat1 + Oatp2 + 0a®3)(0pd1 + 032 + Op¢3))
- Q’yGea'B ( sin® o sin? 6 cos? 004010802
+ sin? o cos? o sin? 000920503
+ sin? o cos? v cos? 98a¢305¢1)] . (3
Let us consider the following rotating string ansatz:
1 = wiT +mo,
P2 = wWoT + Moo, 4)
¢3 = w3T + M30.
We impose also a constant radii condition, namely o = 6§ = 7 /4 and the global
time is expressed through the world sheet time as t = x7. Then the equations of

motion for o and @ are simply the following relations between the frequencies
w;, the winding numbers m; and the real deformation parameter ~:

¥
B

2 2 2 2
wi —mj — w5 +ms+ = (wsma —wams —wzmy +wyms) =0  (5)

and
~2

m? —w? — w2 +m3 + 2w —2m3 — %(wl + wa 4 w3)?
;5/2
+ g(ml + mo + m3)2 +'?(w2m1 — wlmg) =0. (6)

We should also explore the Virasoro constraints which in our case have the fol-
lowing form:

wimi + womeo + 20)37’)?,3

~2
+ %(wlml + wamg + wzmsz + wims + wims + w2m3) =0 (7)
and
4K> 2 2 2 2 2 2

+ (w% + wg + w§ + 2wiwo + 2wiws + 2wows

oo |3

+ m% + m% + mg + 2mimsg + 2mims + 2m2m3). (8)
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It is easily seen that if

mip =MmMg = —M3 =M,

©)

W] =Wy = W3 =W

(5) and (7) are satisfied, from (6) follows that 3w = m and the second Virasoro
constraint (8) gives and expression for « which is related to the energy in the
following way (we just note that R = v/\):

R2 2T
E=V)\= / dok = R?k. (10)
0

T oor

Before we calculate the energy let us first compute the three conserved charges
corresponding to the three angle variables in our problem.

L G 372 3%
‘71__\5_5(‘”_8 v+ gm)
L G 372 3%
‘72__\5_5(“ -7 (1)
J3 352
Jg—\/X—G(w—i— 16w).

And thus for the full spin of our system we find:

95 372

The equation for x is simply

9/72 772
— 2 2 2
K \/G(w +m +32w —|—32m). (13)

Thus for the energy we end up with the following, messy at first sight,expression:

5;5/2 jQ 3;5/2 9;5/2
E= QR [ d iy §
ﬁ[( * 16) e\t )m

2 <4 6
gl 9 815 211/2
14 o= . (14
+ ( T a6 1552 T 2056(16—#55/2)) w14

Although it looks complicated this expression reproduces the result for the en-
ergy of a three spin string in pure AdSs x S° if we take the limit ¥ — 0 (as
should be expected), namely:

E:\/X\/%2+m2. (15)
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3 Two Spins in Both AdSs and S?Y

Here we will investigate semiclassical strings with two spins on the AdS5 part
and two spins on the deformed S° part of the Lunin-Maldacena background.
The relevant Polyakov action is

R? drdo
§=- 2 2

+ sinh? p cos? 911 o1 + sinh? p sin? Y0 YP20812
+ 0,0030 + G cos? 00491001 + G sin® 95a¢285¢2)
— 235G sin? § cos? eamlaﬁqsz} . (16)

{’yo‘ﬂ \/ﬁ( — cosh? pdatdst 4 0 pdap+sinh? pd,Ydsy

We have imposed « = 7/2 and thus

1
Gl=1+ ZWQ + 5?) sin” 20,
~2

Hzl—i—%sinz%.

(17

Now we will assume that 6 = 0, i.e. we will work in the real deformed Ad.Ss x
S5 background. It can be easily checked that the following ansatz is compatible
with the string equations of motion:

s s
t = kT, p=const, a=g, 9:1,
™
Y= 1 Y1 =11T +n10, o = VT + nyo, (18)
$1 =wiT +mio, ¢ =weT +mgo, @3 =0.

From the equations of motion for p, ¢» and 6 follow some relations between the
winding numbers and the frequencies:

2 2 2 2
Wy — My = Wy — My,

2 2_ .2 2

Vi =Ny =Vy — Ny, (19)
mQZVf—nf.

The Virasoro constraints of our system adopt the following form:

sinh? p

G
(ving + vans) + §(w1m1 + womy) =0
(20)

2

inh” G
K costh:Sln '0(1/12—1—1/%—&—n%—l—n%)—i——(w%—&—w%—i—m%—i—m%).

2 2

The equations of motion and the first Virasoro constraint are satisfied if we
choose
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V=V = U,
W =wp = Wz,
(21)

n=mny = —ng,

m=mi = —ms.

For the two AdSs angular momenta (S, S») and the two S° angular momenta
(J1, J2) we obtain

12
Si =8 = sinh py,
G ’ G (22)
A N it
N=T=gw--"m

The full AdSs and S® angular momenta are simply

S=85+8 = sinh? v,

5G (23)
j=j1+J2:Gw—77m.
This leads to the following relation:
_ 7 gl
wfj+2(m+2j). (24)

And thus the second Virasoro constraint can be expressed as
~ 2
K2 cosh? p = sinh? p(v? + n?) + T2 + (m + %j) (25)

The full energy of our system is €& = « cosh? p and we find the following rela-
tion: P
———=1 (26)
KR 14
Using this relation, the second Virasoro constraint and the relation coming from

the equation of motion for p we end up with

26k — K2 = 2/n2 + K2S + J* + (m+gj)

This expression reduces to the analogous expression found by Arutyunov, Russo
and Tseytlin [16] if we take the limit 4 — 0. This is exactly what one should
expect because this limit reproduces the well known AdSs x S° background,
which is the case considered in [16].

2

@7)

4 Generalized Rotating String

Considering the results from the preceding sections it seems natural to combine
them in order to investigate the most general rotating string ansatz. This is the
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case of two spins in the Ad.S5 part and three spins in the S° part of the geometry
(S1, 82, J1, J2, J3). Following the same procedure we start with the relevant
string action:

B Rf2 drdo
2 2T

+ sinh? p cos? YO0, 10391 + sinh? psin? 020312 + Oq00pc
+ sin? 00,0030 + G sin? a cos? 004010801
+ G'sin® asin® 004020802 + G cos? 0o 930803
+42G sin o cos? asin? 6 cos? 0(pp1 + a2+ O 3) (Opd1+05¢2 —|—8@¢3))
— 27Ge*P (sin asin? 6 cos? 00, 1 Opga + sin? a cos? asin? 00020303

+ sin? v cos? o cos? Haaqbg@gqbl)] . (28)

S =

{’y“ﬁ VH ( —cosh? pdatdst +0apdsp+sinh? pd, sy

We will again examine the case of real deformation parameter and use the fol-
lowing ansatz:

t const il 0 i
= KT = o= — — —
9 p b) 47 47
™
P = 1 Y1 =T +n10o, o = VT + noo, (29)

$1 = wiT +M10, @2 = waT +Ma0, @3 = w3T + m30.

From the equations of motion for p, ¢, « and 6 we can extract the following
relations between the frequencies and the winding numbers:

A nt =
K2 =V —ni,
w?—m?—wi+mi+ %(wgmg —womz —wsmy +wimz) =0 (30)
,72
m3 — w? — w3 +mi 4 2wi —2m3 — g(wl + wo 4 w3)?
,72
+ ?(ml +ma +m3)® + F(wami — wimy) =0

We should also impose the Virasoro constraints, they will provide one more
relation between the parameters and an equation for . We will retain from pre-
senting their explicit form here but the expressions are analogous to the previous
two cases. In order to satisfy the constraints and the equations of motion we
should choose

V=1V = UV,

W= W] = Wo = W= y

1 2 3 (31)

n=ny = —ng,

m =1mip = Mg = —Mg3.
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It is again straightforward to compute the angular momenta in both parts of the
background

972 352
T=N"h+T+Ts :2Gw+%Gw:2Gw+ %Gm,
S=8+8 = sinh? pu.

(32)

We just remind that in this case G~ = 1 + 1%&2. The equation for « following
from the second Virasoro constraint is
9;?2 ;5/2
r2 cosh? p = sinh? p(v? 4+ n?) + G(w? + m? + 3—2w2 + ﬁmz). (33)
The energy of the rotating string is € = « cosh? p and it is related to the AdS

angular momentum as

s, »
K 14

and we can extract an analogous to (27) expression

<2 2 52 <2
26k — K2 = 2v/n? + K2S + (1+5l> I3 (1+9l>mj

16 4 32 16

~92 ~4 ~6
A 9y 81y 2
14 . (35
* ( "33 T 6a(16 +557) T 2056(16 + 512)) e )

This expression again reduces to the one known from the undeformed AdSs x S®
case if we take the limit 4 — 0.

5 Conclusions and Outlook

In this paper we have studied rotating strings configurations in the recently found
Lunin-Maldacena background. These semiclassical strings are an important tool
for proving the AdS/CFT beyond the supergravity approximation. We have
found the energy of different rotating strings in terms of the angular momenta
and the string winding numbers. In the limit of zero deformation parameter we
reproduce the well known results from the AdSs x S® case. This should be
expected because this is the limit in which the Lunin-Maldacena background
reduces to the usual AdSs x S°.

Our work can be extended in several ways *. First of all we can work with
the most general ansatz with different frequencies and winding numbers and
find the energy behavior in terms of the angular momenta. It is also important
to consider fluctuations around this classical solutions. They will provide the
corrections to the above found energies and also clarify the stability of these

*For other related work on the subject see [55]- [57]
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solutions. Maybe the most important open problem is to reproduce our results
from the gauge theory side. We believe that this could be done on the level of
effective actions [29]. This was the approach in [10], where an exact agreement
was found for the su(2) sector and we expected that this agreement could be
extended for the su(3) sector considered in the second Section.

There is one more interesting class of semiclassical strings - pulsating strings.
It is worth investigating such pulsating solutions in the Lunin-Maldacena back-
ground and see how the deformation affects the form of the solution. We plan to
address this issue in a future paper.
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