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1. Motivation

* Semiclassical analysis of strings in AdS x S space-time
is relevant for large \ = gy N (strong coupling)

investigation of AdS/CFT;

* Computing gluon scattering amplitudes can be reduced
to finding the minimal area of a classical string solution

(Alday-Maldacena program);

e (Giant magnon solutions on R x S? and R x S® can be
mapped to soliton solutions in sine-Gordon and complex

sine-Gordon, respectively.
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Euclidean world Sheet : The Polygon Problem

* Alday & Maldacena (2007) outlined a version of Yang-
Mills <— String duality;

® N=4 SuperYang Mills scattering amplitudes can be
alternatively evaluated by AdS strings;

® Strong coupling (\ = g5-,,N ) : Minimal area surface in

AdS:

ds?® = R?

dx? a+ dz?
2

Boundary of AdS : 2 = Z1r — 0
Polygon : (iﬂff kS, e rkﬁ)
Amplitude : A.(;Jl‘_ :ZJQ, o .‘kﬂ_) -~ E—miuinm.l area
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Four-point Solution:

= T

Gauge : } Euclidean worldsheet

L
Lo a
AdS string action (z = 1/r) :

R* [ V14 (0;r)2 — (O;y0)2 — (yrdayg — Oardiyn)?
= {f;rlfﬂ;?g 5
T

S

Y

5 — 1 case:
yo(x1.12) = w129,
r(ry, ) = \/(1 —23)(1 — 22)

where :  s=—(ky +k2)*  t=—(k +ky)?

[1] Alday & Maldacena : 0705.0303
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The boosted solution:

® Perform a boost in the 04 plane, the solution for s#t reads:

a av/' 1 + b2 sinh wq sinh w9
r— _ _ ) o = : .
cosh 1y cosh us + bsinh wy sinh ws Yo cosh uy cosh s + bsinh uq sinh uso
asinh uy cosh uo a cosh uy sinh wuo
" = . ; ; Y2 = . .
J1 cosh 1y coshus + bsinh wy sinh ws Y2 cosh uy cosh us + bsinh uq sinh us
® Projection: : 2
N /
| 1
(a) (b)
® Area: f(N) :
) 2 2 N2 42 .
A= At-ree (Ad-iv,s) (-Adm!.t) exXp {T[(]“g ;) + 47 ;“'H‘j] + (—':)"‘)}

® n=38 solution was accomplished in [2] recently.

[2] Alday & Maldacena ‘09 /
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GKP folded string solution:

Gubser, Klebanov and Polyakov [3] gave a first study of large (spin) angular

momentum solutions in conformal gauge.
AdS; coordinates : X' = (t, p.0)
. 2 1.2 2 2 iy 2 2
metric : dS = — COSh ﬁdt - dp — Slﬂh pd@

VA
 Ar

Virasoro constraints : T, =0 +X'i(‘i) +X3'Gi j = (0

T =0_X'0_X'G;; =0

drdoG ;0. X" 0% X’

action : A

Ansatz : t = e¢71

d = cwrT

where cis a constant to rescale the period of 0.
rigid rotation
Assumption : p = p (G‘ )

‘ [3] S.S. Gubser, I.R. Klebanov and A.M. Polyakov ‘02
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Rigid rotating string:

Solution : ‘ p'*(0) = ¢*(cosh? p — w? sinh? p) ‘

1
= p(o) = arccosh(nd (wa, —))

-
N

{a] w>1 {b} w=1

"'\.._ N f} : ‘I:
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Energy-momentum relation:

Yo e ,  2VA[ w 1
E = 2 . do cosh” p = - |:w2 _1E(;)],

A 2R 2VAT W? 1 1
S;:[]dawmm%)ihLﬂlE&)K&ﬂ.

where E(+) and K(2) are elliptic functions. Therefore,

2V A gLy~ gLy

T w w

E—wS =

In the large S (spin angular momentum) limit, we have w=1+21, where n<<1.

1 1 1 1. 1
VALl 1
E = “4ln =+
271‘(77 nn ) E_S:Q]n(i)+...
VSN B T VA
S= YN g
2T n n
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Spiky string solution:

Kruczenski [4] gave the spiky string solutions in physical gauge:

Ansatz : t = 71
0 = wt+o
rigid rotation: 0 = (o)
A . :
Nambu-Goto action: A = — \QC drdc}'\/(XX’)Q — X2X2

(o) = L 5inb2p V/sinh” 2p — sinh” 2p;
JO ag)| = ——
2sinh 2py \/cosh? p — w2 sinh? p

where P, is the minimum value of p; the maximum value is p,=arccoth w.

sinh 2pq U — Ug Uy — Ug
o = — R st p ~p)_H(ﬂ1 . 1p) .
V' 2y/tg + 1y sinh py up — 1 up+1 [4] M. Kruczenski ‘04




Energy-momentum relation:

n [*!

P 2 . cosh? psinh® 2p — w? sinh? psinh® 2p,
= O P
2

T po sinh 2,0\/((:0:3h2 p — w2 sinh® p)(sinh? 2p — sinh? 2p0)

\/Xgn Pld w sinh p v/sinh? 2p — sinh? 2p,

S = — P
27 J oo 2 cosh p \/ cosh? p — w? sinh? p
2n [ v/ cosh? p — w2 sinh?
E —wS = \/Xz—n dp sinh?p\/ il &
T

\/sinh? 2p — sinh? 2y

In the limit p; > 1 and p; > pp, we have w = coth p; — 1

Large S energy of n-spike solution:

Note : n=2 agrees with the GKP solution.

(-
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Spiky strings in AdS

2

W| 1 II
\/ 1 \\/
_J _
S =

O The main interest is to study the dynamics of spikes

O For this purpose, it is convenient to introduce the soliton picture

0 We will show next the soliton picture of the GKP solution

O The same argument works for the Kruczenski n—spike solution
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KruczenskKi’s solution in conformal gauge

t = 7+ f(o),
ansatz : H — wr—{—g({r),
p = plo)

The equations of motion and the Virasoro constraints can be solved by :

, w sinh 2pq , sinh 2pg
o) = . o) = — 2,
/o) 2 coshZ p g(o) 2 sinh? p’
/2 (cosh® p — w? sinh® p)(sinh® 2p — sinh” 2p0)
plo) = 5 .
sinh” 2p

Near the spike, we have p ~ p; = arccothw, further assume p; > py,

10/2((7) — COSh2 P — w2 Siﬂh2 P (GKP solution)

Therefore, the n-spike configuration is a n-soliton solution

in sinh-Gordon picture.




Exact transformation

1

p = 53rCCOSh (cosh 2p1en?(u, k) + cosh 2pgsn®(u, k))

s

where « 1 = cosh 2p; + cosh 2,000 I — cosh 2p; — cosh 2pg
| cosh2p; — 1 | cosh 2py + cosh 2py

The gauge transformation functions are :

B v/ 2wsinh 2pg sinh py [ (cosh 2p1 — cosh 2pg . L*)

(cosh 2p1 + 1)\/cosh 2p1 + cosh 2pq cosh2py +1

V2 sinh 2pp sinh py " (cosh 2p1 — cosh 2pg L)
LR

g= ‘
(cosh 2p1 — 1)\/cosh 2p; + cosh 2pg cosh2p; — 1

where : & = am(u, k)

(-
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2. Spikes as sinh-Gordon solitons

Asymptotics near the turning point: GKP solution

. . , ‘ | : . ,
;3"2 = cosh®p —w?sinh®p ~ 1{‘!2‘9(1 —w? + (1 + w?)2e~27)

Let W= 1421 where 17 < 1, then one gets

o7~ e (e — )

Denote U4 = € P , we have

2 .
W't ~ut =

——> | plo) = —In/ncosh(oc — oo)
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Near-spike approximation

1
p (g) Exact solution: ,O(G') = El.I‘(t(tOSh(Ild (wg? —))
M Approximation: p(o') — _1n \/ﬁCOSh(o' ~ )

\/ approximation

> J w=1.02

exact
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Relation to Sinh-Gordon soliton:

One observes the correspondence with the sinh-Gordon soliton.

Define: « = 111("—]5 ' g-n)

where g being a AdS; string solution with signature: {-1, -1, +1, +1}.

One can check, that for the near turning point GKP solution,
2 : "
a=1n(2p"") = 1n(2 tanh®c) =In2 + &
satisfies the sinh-Gordon equation:

(epy —4sinh o = 0

Therefore, the finite GKP solution is then a two-soliton

configuration of sinh-Gordon system !

£=(0+7)/2

@ n=(0-1)/2
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3. AdS string as a o-model

We parameterize AdS, with d+1 embedding coordinates ¢ subject to the constraint
2 2 2 2 2 2
¢ == Gt t et ot =1
Conformal gauge action :

A o
A= v /dmiﬁ"(ﬁq~C)q+)\(a‘7)(g-g+ 1))

27
iy |

where T and 0 are Minkowski worldsheet coordinates.

Equations of motion : 4én — (Ge - qn)q =0
Virasoro constraints : qé - qf]' —0

E=(oc+7)/2 Je = 0y + 07
n={(—1)/2 Oy = 05 — 0;
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Equivalence to sinh-Gordon model

Choose a basis :  €; = (q, de, Qs by, -+ ,bd+1)
where i=1,2, ... , d+1 and the vectors b, with k=45, ... | d+1 are orthonormal
b -0 =011, b -q=0br-qc="0r-q,=0

Define: a =1n(qge -q,) up =bp-qee Vi = br - gy

The equations of motion are :

d+1 d+1 d+1
Qe — € —e @Y uvi =0 (u)y= Y uiby)-(bi)y (vi)e = > vilby) - (ba)e
i=4 j=4.jFi j=4.,j#i
\ ;
|

Generalized sinh-Gordon model [5].

d=2: Liouville equation d=3: sinh-Gordon equation d=4: B, Toda model

@ [5] H. J. deVega and N. Sanchez, PRD, 47, 3394 (1993).

/
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AdS; case in more detall

Uy, =0 = u=u(f)

ve =0=v=10(n)

ey — €% —uve™™ =0 (g — 28inha = 0
, 1
/ d v — A& Y — —Uu U

Now we express the derivatives of the basis vectors in terms of the basis itself :

aei ({96@
% Aii(&.n)ey, o Bii(&,n)e;

0 1 0 0 0 0 1 0

' O ag 0 u e 0 0 O
weget: A=l g 0 o] FTl o 0 a
0 0 —ue ™™ 0 0O —ve ™ 0 0
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SO(2,2) symmetry

In order to see the explicit SO(2,2) symmetry, we choose an orthonormal basis

qe + qp de — dny .
e1 =b, 0= —"L 9 == . ey = 1q.
1 - V2ea/2” : V2ie/2 : !
Then A, B matrices become
L (s _J—Q;"E ATl _J—C'YJ;IQ :
0 | 3¢ —\/EE 0 |
—a/9 ; )
A ok 0 Svg — —\/‘?36":"“r .
A=1 Tiu_—a/2 1 1 H.,af?
5 € 5 g 0 \/Et
- ' i lu"i') -
0 e —se?/? 0
1 —a/ v —a /2
0 — Y e /2 i )2 0
( T 7z v
1 — /2 0 K3 1 a2
€ v €
—_ | V2 277 V2
B = o —a)2 i 0 1 af2
V/it. 5 {-};?? —ﬁﬁ
1 SO ;”2 1 Lo J.-"f 2 /
\ 0 —5¢ J5¢ 0
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4. Inverse Scattering Method

Remember the isometry :
SO(2,2) =50(2.1) x SO(2,1)
Introduce two commuting sets of SO(2,1) generators :
(Js, Jo| =HJy, [Jp, J_|=—=2Js, [Ks,Ki|=+Ky, [Ny K_|=-=-2K; [J;,K;]=0,
Expand A, B matrices as
A= “’i_(ﬂj’i + ur'i_(_)ﬁ}, B = ?L’E_H)J@ - urg_(_jff.i,_

with coefficients
- 1 —1
Wi, (£) = (aafr

i

—a/2 2y b —ay? v/2
(ue™ = F %), —=(ue™ /" £ e/ ),

SIS

- _2 /o /
Wa (£) = (—a-.,?._ —(ve” Y7 £ e“’z),

/
oy

(-z:aff_o”h‘2 T ea,:z).
2 V2

@ y

Sl
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Spinor representation

Remember SO(2,1)=SU(1,1), we can define two spinors as
(,-’f}g — H-’ll_{_HC"i(f} = A0, (f}n — ur%_(+jcrf_ O = Ao,
Ve =l (o = Buws, g = wh o = Bav,

where the matrices are given by

th —a /2 + 6’(1/2) i&f _ ﬁ(ue—a/Q _ ea/‘))
—(15 - 2\[ we= /2 — ea'/g) 2\’5/5(1&2“/2+e‘1/2)
l —af2 a-/?) (1T?+F(1,6 Q/Q+6Q/2)
i L\/_ ve a-/2+ea/2) 2\1/5( —a/2 Q/Z)
_ /2 Q-/Q) i“é’ _ 2%(&67_&/2*%6&/2)
7_(157 2{ we Q/Q+6Q/2) Q\f(u'g —a/2 Q/Q)
i a/2+fa/2) _io 4 2\1/5({, —a /2 _ea/Q)
a (1, - a/2 O;/Q) 2\/5(1"6‘ C‘t/2+€a‘/2) .
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Reconstructing the string solution:

Then the string solution is given by:

1, o 2 o
— (1] — D20%) + c.c. qo E(@lu'ﬁ — 215 ) + c.c.

2

2

5(@21;';1 — (;)115;2) + c.c. (2 5(@21;;1 — @11;';2) + c.c.
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o. Open string solutions

Vacuum solution: © = 2. v = —2_. ap =1n2.
Matrices :
(=i 0 (i 0 0 -1 0 -1
A (n z) A2 = ([l z) b= (1 n) Bz = (1 u)
Spinors :
=€ dy=0 1 =cosho 1= —sinho.

String solution :
cosh o cos T

coshosinT
sinh o cos T
sinhosinT

q =

@ [6] A. Jevicki, K. Jin, C. Kalousios and A. Volovich: 0712.1193.




Vacuum :
t=rT N
0= ‘
p = dJ >
W = 1 o
(a) (b)
A
E = VA / do cosh? o ~ \/IEZA?
P i > E_S anﬂg
A A NS
S = VA / do sinh? o ~ \/_EQ*’H m VA
T J_A A

@
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One-soliton solution:

Sinh-Gordon: Qg = 111(2 ta11112 O')

_ . | . 1
Spinors : by = e 7 cosh(§ In tanh o), @

.. o 1
Oy = —e "7 Slllh(i In tanh o),

| 1 1
U = (T +1) cosh(§ Insinh 20) — 7 Sinh(§ In sinh 20),

. 1 1
Yo = —(T + 1) sinh(§ Insinh20) + 7 cosh(§ Insinh 20).

String solution :
27 cos T — sin7(cosh 20 + 2)
B 1 27 sin7 + cos 7(cosh 20 + 2)
- 2v2cosho —27 oS T + sin 7 cosh 20
—278inT — cos 7 cosh 20

(s




Energy of one-soliton solution

A - ‘A
P = 1\6f (14 872 + 4cosh 20 + cosh40)sech? o Py = VA tanh o
T T
A - . A
P, = 1\? (1+ 87% — 4cosh 20 + cosh4o)sech? o Pg = ff-,— tanh o
" m
A ~ —
‘ AL 1 1 1 . L. ‘
E = ‘/A (EO',;D;F = V? (16"}‘@ sinh Qﬂ—g tanh U+§TQ tanh {T) |E\ ~ v_l(ge,Zf\_{_TZ)

A
‘ A, 3 1 3 1 A |
S = /_ﬂ doPy = T\T(—Ea—kg sinh 20+§ tanh J+§TQ tanh CT) \E\ ~ \F( o

If we neglect the T dependence since the exponential term increases much faster,

".\L &
E—S:/ VA VA 0
s

2
cosh 20 sech” odo ~

—A Q?T

@




s

One-soliton solution

W
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Two-soliton solution

vcosh X — cosh T) 2
vecosh X + cosh T

sinh-Gordon : (v, = In 2(

2uT

where X = \/lz_itg T = ik and v is the relative Velocity of two solitons.

(vehT'che 4+ chXcho — v~ 1sh Xsho) cos 7+~ 1shT'cho sin 7
B 1 —(vchT'cho + chXche — v~ tshXsheo)sinT + 4~ shT'cho cos 7
1= cosh T + veosh X | (vehTsho 4+ chXsho — 4~ shXcho) cos 7 + 4~ shTshosin 7
—(vchT'sho + ch Xsho — v~ tshXcho)sin 7 + «~tshT'sho cos 7

1
E — d DT =
f 7Py Sv(cosh T 4+ v cosh X)

+ (2 — v* — 2y 1) sinh(2 + 2v)o + 2v cosh T'(2¢ + sinh 20) 4 4v?¢ cosh X}

{—4-];21,-—1 sinh X — (2 — v2 4 29~ 1) sinh(2 — 24)o

1 . . .
S = daPT = {4 -‘E’T_l sinh X 9 _ 2 2,_}___1 inh(9 — 9
/ aPy S8v(cosh T + v cosh X') voEm +( v” + 277 sinh( y)o

+ (2 — v* — 297 1) sinh(2 4 27)o + 2v cosh T(—20 + sinh 20) — 4v°0 cosh X}

B vy~ sinh X
cosh T'+ veosh X

@ where V= (1 — t_,?)—l/Q.

E—Szfdcr(?--’{—?-’g):a




Y
P
s
- b e
(@ t=0 (b) .
Figure 3: The Minkowskian two-soliton solution with v = v% at different global time (a)

t =0, (b) t = w/4. The thick line denotes double-string.

Note: Solitons are localized near the center of AdS space.
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Properties of the soliton solutions

> Solitons (spikes) are located in the bulk of AdS
» Near the boundary the solution reduces to vacuum

» These solutions defined on an open line (w=1) are simple
but not fully satisfactory :
1) Energy is not conserved because there is momentum
flow at the asymptotic ends of the string
2) String is not closed

» To make the physical quantities conserved, and also to
clarify the w=1 limit, we need to build string solutions on
a closed circle.

@
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6. Closed string solutions
Qgp — 2y —uvsinha =0

1 T :
u=2 v=—9 ——dn(-%, k) cos Vit
| ,, O v/%dn(g.k) sin v/ k7
&p = In[k sn (ﬁ,k)] > o= Een(- k) cos -7
: Tgz P W) €08 T
k. N oainy L
——cn( \;’II k) sin 5
Period : L:2\/EK(]€) (0<k<1)
k=1limit: @y p—; = In[tanh® o]
27 cosT — sin 7(cosh 20 + 2)
( B 1 27sin T 4+ cos 7(cosh 20 + 2)
:,l: 11,k=1= 2v/2 cosh o —27 cos T + sin 7 cosh 20
—27sinT — cos 7 cosh 20

[7] A. Jevicki and K. Jin: 0804.0412 .

/
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Another solution ?

) nd?(- &
k) (\/E" )]
_iﬁ,k)eosﬂr
nd(%, k) sin vkt

: = ) sa k) cos —=T

(
k sd(-%, k) sin

o = In[k en?(

NG

-

T

=

-

k=1 limit :

cosh o cosT

. 0 cosh osin T
1 = 2 k=1 = :

2 k=1 :> 12. sinh o cos T

sinh o sin 7
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Relation of two solutions: o translation

N7

| Region 1] | Rejion 2|
N

(a) (b)

[ Region 1] [ Region 2]

N

N
70

/
7

Fig. 1. (a) First periodic sinh-Gordon solution &1 when & = 0.964; (b) Second periodic sinh-
Gordon solution as when k = 0.964. They are related by a translation of 0 — o + \/EK(k).

ﬁmm%%@]

a

o
— K Ao = In[k cn?

VE R
o — o+ VEK(k)

G1 = Infk sn”(

(-,
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Reduction to the GKP solution

/nd( k) cos VT \
nd (-~ )5111[’-
kosd( =, A)(os 1

\,I; sd ( =, 5111 /

Do the rescaling vk — 7,Vko — o and write k = 1/w,
2 co1.2

—> ‘p’g(cr) — cosh” p — w?sinh® p

This is exactly the GKP solution.
Folded rotating string along a straight line !

P

%\qé'\?i

/\ g
Therefore, the energy reads: F — 8 = VA In( ?’X) 4o
- |

V
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/. N-soliton (spike) construction

Solitons

(a) (b) ()

Fig. 2. (a) GKP two-soliton configuration plotted in the plane x = pcosf,y = psinf where p, 0
are the global coordinates; (b) A attempt to construct the GKP type three-soliton solution; (c)
Kruczenski’s three-spike string solution.

@ y
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p as a function of o

(b)

Fig. 3. (a) GKP p as a function of ¢ when k = 0.964; (b) Kruczenski p as a function of ¢ when
p1 = 2,pp = 0.2688735.

(-,




Sinh-Gordon picture

osh 2p; — cosh 2 po =0 A
& =In e SI]Q(U-._ A)] > (X1 = lll[rlﬂ 5112(—? ,IL)]
- \/ sinh? 2p — sinh? 2p0 \/I
\\I 3 VAN /N ; e —~ = /- | N\ 5 Va
\ \ / ‘\I / I ‘ /
|||| III _|IIIZ ||| |III III| po = 0 I'|| |||' _? _ l'l ||I ||I
II |I || :||| || || E— || || || :|I | |||
| Bl | | Al |
i I I | [ 1
| I I ! I |
1 4] I I i I

There is a tiny shift along y axis and a tiny expansion of the period : nonzero b.c.

@

Similarly, there is a 0 shifted solution reducing to ¢, in the limitof pyp =0 .

In this sense, we say Kruczenski’s solution is a generalization of the GKP

solution by lifting the minimum value of p.
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N-spike solution

).
Sinh-Gordon :  ¥1(6,2,%) = —(_ (1 - A)

A A o
‘}:’\E(C,zjﬁ) = (1—|— Z . J -J { (1_14)5;1}%)32(:3—13;4{?

Where Aij = Z ;0. A =
l

Spiky Strings :

]_ —l—l 1y s 1y £y 1 §
. —Liiné—in/N) aps sy [o=LOenN) s, A4 (s L
Zy = 1 ¢ 3 (NS0 ){—3 Pg — ‘7':’1)[‘9' FOSHN (5o + §y) 4 + 1T NFD )(aﬁz-l-w}—]

(
1oy ¢ ST - T ~
le_igmww Br)y — ieBOEN (G _ 51) ” (3.67)

Z:z = ..,lr_:f_ilii‘f""h,—i?]’f;'\){__1‘_({{52 _ 1‘-”1) |:E_’ 2':/1"tc+7? F/\]( 5o _I_ )+ . EE,EI:;\E—H} IA)(T!,Z 4+ 151)_:|

F (24 50) [ HOSIN(G, — 1) 4 ieBOEN (g | ] (3.68)
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3. Moduli Dynamics

® Spike locations can be described by (collective) coordinates:
n-spike solution: p; (1) with i=12,---,n
An interacting Lagrangian L(p, ,0)
——> Dynamical system of Calogero (RS) type.

: 3
Zi(1) = Zy(7,04(7)), P1

P2
Zy(1) = Zy(7, 04(T)), L}/@ Pn>

® In the flat limit where R — « : simple description

(072 —07)a —2sinha =0 —=> (92— )a—e =0
(sinh-Gordon) (Liouville)

@ y




Dynamics of singularities: Liouville case

* Complete description of (singular) solutions of Liouville is
known: Singular solutions < Motion of poles

0 — ln[ 2 UMCADIAGE. ]
o e et s glen)e

where f(o") = Z " Cj(ﬁ glo™) = Z djg‘
j j : ]

7=1

Ny
Singularities: Z -+ Z i=1.2. - . N
j=1 Yi _G j=1 “j —0i
1+ L
Equations of motion: T, =211+ 7, J o : i,j=1,2
a = . ._.;I
L= —ﬁ\/(l + 2 (1 4+ d9) — m/1 — (@1 + 39 + 1)2
Io — I

® This can be generalized to n-body case;

@
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Dynamics of spikes

One—spike solution :

U 1 . 1 5 5.
XY = ~ (T(0+)3 + —djviet
\/'(_3(1.1'2}1 3 2
- U l — l Ly IS I
xt= (7(a+)3 S Rie
V2dioy \3 2
V2= S(6h)2 4 5 (67)
e — :) - 2 . ]
27V ’ 1)-
where g+t=g+_ 271 _ . 1Tu
1 — (5] 1 — ™

N—spike dynamics :

Zi(r) = Zi(r.ou(r)).
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Dynamics of singularities: sinh-Gordon case

v cosh(yr) — cosh(yuvt) } 2

For soliton-soliton scattering : ¢, = 111[ S
v cosh(vyr) 4+ cosh(yvt)

Following the poles of the Hamiltonian density [8],

1l
Trajectory of the poles : () = & cosh L— C-C>Sll(-’}""lff)}

f
!

N
N—body Hamiltonian [9]: H = Z cosh 0 H fla; —ar).
j=1 ktj

q
coth 3
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Some comments

® This gives a 0-brane description of AdS; string
* Different from the spin-chain picture

® Exact?

* Holographic

2 — _ cosh® pdt? + dp® + sinh? pdf*

i

s

collective boson

AdS string in the physical gauge

T=1t o=40
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Giant magnons on R x S2

® For strings on RXS? the 0-brane description is given in [10]
Hps = tl‘(ﬁ) wp = d{}-j_ N db,

where L is the Lax matrix.

® Poisson structure :
1 1

® String magnon energy is givenin [11]: p — = | =
€1 €5

¢ Hamiltonian : Heirine = tr(ﬁ_l)

[10] I Aniceto and A. Jevicki, “N-body Dynamics of Giant Magnons in I? x S3.”
arXiv:0810.4548 [hep-th].

[11] D. M. Hofiman 111(1] M. Maldacena. “Giant magnons,” J. Phys. A 39, 13095 (2006)
[arXiv:hep-th/0604135].
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Magnon dynamics

® wq does not produce the correct dynamics;

® The correct scattering phase shift : / f
0 ~ [ pdq

* Integrable models possess multi-Poisson structures;

® In [10], the second Poisson structure was identified which

gives the magnon dynamics;

e An analogous situation exists for sine-Gordon/sinh-Gordon

theory itself;

* Standard Poisson structure (Light-cone variables)

/dir D_pd

@
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9. Conclusion and Qutiook

v Inverse scattering method is useful for finding the classical string solutions

in AdS;
v" Spikes in AdS are related to solitons in sinh-Gordon theory;

v The GKP solution is a two-soliton configuration with solitons localized at

the boundary of AdS;

v’ Statoc N-spike solution (Kruczenski’s solution) can be constructed from

the GKP solution by lifting the minimum value of p;
v" We constructed new string solutions with N spikes in the bulk of AdS

corresponding to N solitons of sinh-Gordon;
v Dynamics of the spikes: Moduli space;
v" 0-brane description of AdS string.

@




