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ntroduction and Motivations

» Integrable D-brane conflgurattons in the AdSs x S° theory
are KNOWN [seview - Zoubes

» ogpen spin chains at weak coupling
» [ntegrable sigma-modef with boundaries at strong coupling
> D3 - Giant-graviton - R X S° Berensisin. Vazguer. Agarwal. Correa. Hafmann

> DS‘DT SyStem 2 Axti‘"\-‘- g "’ﬁ [Erler. Mann, Viazguez. Correa. Young, MackKay

> DS'DS - KarCh'Haﬂda” = _JUJS_E. " S: DeWolf. Mann. Correa. Young, Regeiskis]
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niroduction and Motivations

Integrable D-brane conf:gurations in the AdSs x S° theory
are KNOWN [mevew - Zouses

» open spin chains at weak coupling

» integrable sigma-model with boundaries at strong coupling

D3 - Giant-graviton - R X S> Berensisin. Vazger. Aganssl, Comes. Hofmann

DS‘DT SYStem = )\Li\: X \'\: [Erler. Mann, Vazguez. Comrea. Young, M

DS'DS = KarCh'Raﬂda“ = %Lii_‘, . :"_‘;: DeWolif. Mann. Carrea. Young, Regeisis]

Classify integrable D-brane configurations at strong
coupling
Analyze the complete sector (including fermions)
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ntegrable Super-Coset Models - Closed Strings

Integrable Super-Coset Models
Closed Strings




Ihe Green-Schwarz Sigma-Model

» GSSM for the AdSs x S° background was constructed a on

» Using a special property of the supercoset, Z,-grading, it is
possible to construct a generating function for ~c-set of
conserved charges sena Soichinski. Soiban]

» Next | will show how to construct an action for a general
supercoset background with a Z;-automorphism and the
generating function




Supercoset Backgrounds G/H

» Let g be the superalgebra of the supergroup G
» 7, automorphism map acts of the superaigebra g as

iNe)—1its. £=—0123

 —

» [he superalgebra decomposes

(el
|
'L

0 &0 S e Do

» Construct the background space M — G/H. where gy is the
algebra of H

» This is our supercoset background. also called
semi-symmeltric space, e.g.
R PSU(2. 2|4 I OSP(6/4
AdSs xS C . AdS4xCP C

— —

SO(4.1) x SO{5) - U(3) x SO{3. 1)




The GS Action

» Construct kappa invariant action on the supercoset
background M = G/H

» Define the Maurer-Cartan superalgebra valued one-form

F—9 ag ' O

r
. -

-

» Because of Z,, J decompases as J = J'\9 = Jib ¢ j2) & J3
» [ he action takes the form

=Tor has ooogred
I : l Camnnot ioqg n o maihox (12007
""" T - E Page 9/48
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Symmetries:

» Global: g — g4g.

» Local: ¢ — ¢h.
» Local k-symm:

m
X

(F —s (FE?
e L .




ntegrability

» The Z, automorphism guarantees the existence of a
one-parameter family Lax connection a(z), built out of a
combination of the one-forms J'*/ mena poichinski. Roibani

» The GSSM Lax connection is given by

galz) +atz) Aatz) =0

by the EOM and MCE




ntegrability, cont.
» Define the fransition matrix

I'x,. v;z) —FPexp ( / Ay (02 J:)
» One of the transition matrix properties is
& itx.v;2) =—a ;)M {x. v;:2) — Ilx, V;2)a Y 7)
» Define the monodromy matrix
f1lz) = IV L2

and assume periodic boundary conditions

sg that




ntegrable Super-Coset Models - Open Strings

Integrable Super-Coset Models
Open Strings




Dpen Strings Integrability

» There is an alternative way to construct a generating
function of conserved charges for (bulk) integrable systems
with boundaries suyenin

» [his construction was used for the bosonic sector of the
AdSs x S° using the PCM ez,

» The MGG and D3-D7 Systems were found to be integrable,
while the construction for D5-branes was unsuccessful

» Note that the failure of the procedure doesn t rule out
integrability of the model




infegrable Super-Cosat Modeis - Open Strings

Dpen Strings Integrability

» First we consider a class of D-branes in the GSSM

» [hen we show they are integrable for the complete sector
of the GSSM (including the fermionic sector)

-
-

» We classify integrable boundary conditions for AdSs < S-




D-Branes in GSSM's

D-Branes in GSSM's




integrable Super-Coset Modeis - Open Strings

L __wle

D-Branes in GSSM's - BC's

» [ake the variation of the GS action and require the
boundary term to vanish

.iﬁ,‘ﬁ = / dTStr [ A\ [ j_[;: ——_I_Z —,/.‘: ) ) = {).

3 = -l'_i,"l-fil'
- -




integrable Super-Cosat Modeis - Open Strings
ocT

D-Branes in GSSM’s - BC's

» [ake the variation of the GS action and require the
boundary term to vanish

-

dSg = / dTStr [ A ‘ :.},.‘: +17 e ) ) = {).
A =g ldp
» Impose the boundary conditions

QP =72 o) = 2
(i =3 oty = i3

» ) is involutive: Q- = |
» () is metric preserving: Sir(2(A)Q(B)) = Str(AB)




integrable Super-Cosat Modeis - Open Strings

-

D-Branes in GSSM's - Symmetries

» The bulk symmetries should satisfy Q(A) = A on the
boundary

> x-symmetry variation: A = &(7.0) =[Jo .&_" + k7] so




integrable Super-Coset Modeis - Open Sirings

i C

D-Branes in GSSM's - Symmetries
» [he bulk symmetries should satisfy Q(A) = A on the

boundary
i . - (2 1)a
» s-symmetry vanation: A =x&(7.0)=Ja .k +K._ |SO
QYUY =7 oMy = kP
» Supersymmetry variation: A = ¢ leg = g (el + ).

We encounter two kinds of automorph:sms
» ({AB) =€A)XB). so that {}(g) = ¢ —

-

T
» (M{AB) = —CQB){2A). so that g} = —2 ' = eV ) =€

—

» Exactly half of the supersymmetry is broken. since Q2 is
linear




integrable Super-Cosat Modeis - Open Strings
cce

D-Branes in GSSM'’s. cont.

» Boundary conditions for these half-BPS configurations can
De summarize as

’Z_E;L;- <} ~—1 M (7)) — —E_l

— & . SV — —Ua\ L

or using conformal coordinatesa = a- +a,. a—=a, —d,

Q(a(z)) =a(z™

di1 1) — 4\ -




niegrable Super-Coset Modeis - Open Strings

2oe

D-Branes in GSSM's, cont.

» Boundary conditions for these half-BPS configurations can
De summarize as

— 1 =

$2a(z)) =arlz )., $Maslz)) =—asiz )

or using conformal coordinatesa —=a- +a,. a—=a, —d,

Qfalz)) =al(z!

» Geometric interpretation: note that /=) < span{P;}. so
decomposes P =P & P~

P™ — Neumann. FP — Dinchlet




ntegrability of Open Strings

Integrability of Open Strings




integrable Super-Cosat Modeis - Open Sirings

2®C

Construction of The Generating Function

» The generating function for boundary integrable systems
adapted for the GSSM is

I(2) = UpT 7. 0: 1 U _T(m.0:2)

I'(x.0:z) - transition matrix, o < [0. 7| - string range




integrabile Super-Cosat Modeis - Open Skrings

2C

Construction of The Generating Function

» The generating function for boundary integrable systems
adapted for the GSSM is

T(2) = Ul '(x,0:7 YU T(x,0;2)
I'(w.0:z) - transition matrix, o € |0. | - string range
» Requiring &-Sur(7T(z)) = 0 we find

Uea (0.7 ") —a0:YUg =0. U.a{n:2)—a- ol U =90




integrable Super-Cosat Modeis - Open Sirings

-

Construction of The Generating Function

» The generating function for boundary integrable systems
adapted for the GSSM is

T(2) = UpT Yw,0: 2 YU T(x,0:2)
I'(7.0:z) - transition matrix, o < |0. @] - string range
» Requiring &.Sur(T(z)) = 0 we find
Upar(0;: 7' )—ar(0:2)Up =0, Urar(m;z)—a-(m;z YUz =0

» Define the automorphism map Q(x) = UxU~! then

Q; -\ — (- ,‘-l

» This is the half-BPS boundary condition for a special class
of automaorphisms




integrable Super-Cosat Modeis - Open Sirings

ooe

Construction of The Generating Function

>

>

What about other automorphisms?

Define
; =X N \
Ialx. :2) = Pc‘(p( / Qlalo: 7)o “Jn)
and
Itz = f.'r.T:E (g § T_I )\ U, . T{x.0:2)
Require &-Str(7T(z)) =0

Define the automorphism composition Q(x) = Q,(Q(x)) we
find again
Ofla ()} — ~—1

M- = d- L

This is again the half-BPS D-brane boundary condition we
found
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Examples




integrable Super-Coset Modeis - Open Strings

CeCCOCCCOCD

MGG - R' x S* C AdSs x §°

» The AdSs x S° metric in global coordinates

“’I"';uj*i: = dp~—cosh™ pdt~+smh™ plda™+smn™ ¢ vdd 3-+cos™ ad~v ).
dscs = db~ +sint~do™ + cos™ 6{d

v +smn- wdn”

+ cos” Ydg?)




iniegrable Super-Coset Modeis - Open Sirings

SeCOOCO0Co0

MGG - R' x S° C AdSs x §°

» The AdSs x S° metric in global coordinates

- . . 1 - > -3

'L';\:u*S: = ta;;f_—L't?‘\i'i_ odt~+smh” o da~+sin- ad3~+cos™ ad~y~).

—— -~ = |

s = db~ +sinf~do™ + cos™ ldv™ + sin~ wdn~ +cos” wdypT)

» B.C's: p = 0.8 = 0 gives for the bosonic sector

J'= — Paidt + [’._: Sin f_‘f'_Lf; + P10 + Pg cos :‘“{-_f..;

-

J 5 =Pid,p+ P-3._6

7 3




integrable Super-Cosat Modeis - Open Strings

OeCOOCCOOC0

[ >3 - )
MGG -R' x S° C AdS5s x S

» The AdSs x S° metric in global coordinates

“';-‘_:%QS: = {!;s‘:_\."-"‘\h: ;'f{f'f:—'—\illhl M {fr'tl—'—‘éil'!: ad -;':—'_L'i 't\: xd~ . .

- - 3

= df~ +sinf~do™ + cos™ Blduv~ + s~ wdn~ + cos” wdo™)

LA I

i
L % -

» B.C's: p = 0.8 = 0 gives for the bosonic sector

-

.j_' — P,,{'_L,-' —4— P: \iﬂ J_‘f_,_L !J! —— th:ﬂ'- i 1+ P.,* COsS .i_‘f'__,i‘_* __,"

~f1- === {.}E{.}.,_Ei —— !}*;}_‘_H

-

» Using conformal algebra and Clifford algebra

{_—:LEP:-;—;?P_:F‘;-,F’\. “'_;*:?—: j




integrable Super-Cosat Modeis - Open Sirings

QCECOOCOO00

MGG - R' x S° ¢ AdSs x S°, cont.

» | et us add the fermionic sector. Take the coset
representative ¢ — eger. sFr=¢ . F=60-0

» Remember we need ;{25 ) = 2 SO We require
();;(F) =F. then

Qu(F) =6-Quy(0) =8 - (UD0)

—

— # = #U""’ on the boundany

» ") is a product of I'5, .3, times ¢ acting on internal indices
so y takes J'!) to J*° ‘
» Together with Q; (/' ) = =/ _ the fermions boundary

conditions are

J8=8-U%  o0.686—=—.08-U"




Integrable Super-Cosat Modeis - Open Skrings

SCOeOOOO0C0

» For consistency Wey/ and Majorana conditions must be
preserved, as well as (O = |

» Finally we find

U=2Py+i2PsPsPg. and UY =T°T°T°r®




Karch-Randall - AdS.,

5 AdSs > S-

< S metric in Poincare coordinates

» [The AdSs

N 1!1_1“1.!;1;5. —'—tf_"."’

dSads: —

e -

.

i_lfJ |

~ ~ - - - . .
— dlg+<COoS™ gl dbig+COS™ bg db=+—cos™ #+1 f.fr"»*;: —COS™ Hgdtls




integrable Super-Cosat Modeis - Open Sinngs

SCCOeCCOO0l

—% =

Karch-Randall - AdS, x S° € AdSs x §
» The AdSs x S° metric in Poincare coordinates

.o {f_‘t“if_‘.“_ —'—zf'_"n'_
dSagss = 3
(,":\Er: — L‘;H;—L'i N Hu (,"IH: 41 S Ht.," (‘F{H:—L'i N H"' | {jH; T N Hh(!HE

-

» B.C's: x~ = 0.6; = 8 = 65 = 0 gives for the bosonic sector

J7 = (PpOrt+P10-x1 +P30-x3— P19 v)+Pg 0,03 +cos g Ps 365

o 7+X> _ - ~
.lr_- — P" — — Pt;{_}—Hu = = }_}hf_'}‘PHf\ = B P_!-}"-'H—




integrable Super-Coset Modeis - Open Sirings

SCCOeCOCOCO

—

Karch-Randall - AdS; x S- C AdSs x S
» The AdSs x S° metric in Poincare coordinates
u{l""{f.'l‘: ——Lf_‘t":

re— —

G3adSs — >
= =y Zoc . - . - '\ 5 . .
dsgs = dbg+cos™ fo{dbig+cos™ fgldbis+cos™ th{dlg+cos™ Hgdbs ) ) |

» B.C's: x* = 0.6; = 65 = 6y = 0 gives for the bosonic sector
J = = —(PoOrt+P10-x1 +P30-x3— P10 v)+PgO-g+cos g Ps3-0s

- f:-:)i'...‘l," y . .
.]..- — [:,: — - Pur-_"‘w-Hu E = fjh‘-_-j*.-Hh - P_‘\;_J‘-rH—

. -

» But. 3 U suchthat Qu (/77 ) =+J




integrable Super-Cosat Modeis - Open Strings

QCCOOECCO00

Karch-Randall - AdS; > S* C AdSs > S°, cont.

» Here is where we have to use a different kind of
automorphism

» Define
Qx) = — Uy

» Taking
=2 — ¥l

we are done! (Repeat the MGG analysis...)
» Note that




integrable Super-Cosat Modeis - Open Sirings

CCCOCCeOO00

General Solution




integrabile Super-Coset Modeis - Open Strings

SCCQQOCeCCO

o p—

AdSs x S - General Solution

Using our consistency conditions:
» The automorphism should be involutive: Q- = |
» The automorphism should map H; < Hj:

Q(QH,/3)) = FiUH, s3)

» The automorphism should preserve the chirality: even
number of gamma matrices

» The automorphism should preserve Majorana condition: if
O = CQO then

Q(O") = QCO) = CQ(Q) =CUQ =CcUCIQ

— — — — —




integrable Super-Cosat Modeis - Open Sinngs

CCCQOQQOCeCq

—

AdSs x S° - General Solution
» Using the traditional reflection matrices, that is
Q(x) = UxU™

we find

1.31.(3.1).(3.5) and {5.3) D—branes




integrable Super-Coset Modeis - Open Sirings

COCOCOCOecO

1 O s Y T E ] | .
AdSs x S - General Solution
» Using the traditional reflection matrices, that is
Qx) = UxU
we find
1.3).(3.1).(3.5) and (5. 3) D—branes

» Examples
R0 xS U =P, + iPs. —0:6 =0
" S =P + P ca — G a—0y—=0.6—=0
dS; x S! || U="Pp ;4 +iPy =g — G0 =—a—0
H S’ U =Py >3+ Py —0.8=660=v9v—0
4dS-; < S = + iP5 x = U
H S° U=Pi13+Ps567 —0.3=0
\dSs x §* || U="Py 134 +iP g =0




Integrable Super-Coset Modeis - Open Sirings

COCOOCOOOEe0

- General Solution

» Using Q(x) = —U~'+*U we find

0.21.{2.0).(2.4)and {(4.2) D—branes




integrable Super-Cosat Modeis - Open Sirings

QOCOCOCOOEeC

\dSs x S° - General Solution

» Using Q(x) = —U~"x*U we find

o

2 01.(2.4) and (4.2 D—branes

- — = —

t)

» Examples

-JL‘—iSl U=P+Pq = —r——0——
S C§ - -

oy
Il
-
1
o
|l
l
I
I
I
|l




» We also analyzed the AdS; x CP°

. - -

dsxgs, = dp~ — cosh™ pdr~ + sinh™ plda™ +sin” ad57)

- - - -

~p3 — :f_u— — COS™ [ SIN~ ;;*[,’:!_‘ — < COS f;[{fl..‘[ T L COU5 H:n".l_.":

» osp(6/4) has only 2y automorphisms




integrable Super-Coset Modeis - Cpen Stnings

SCQQOCOCOCE

» We also analyzed the AdS,; x CP°

- - - . -

dsigs, = dp~ — cosh™ pdt~ + sinh™ p{da” + sin”~ ad57)

- - 5 ¥

dSrpz = dp~ + cos™ psin pldv — —cosb1dpoy + —cos bhdor )
_p ¥ y - 4 ¥ "|! _ i _

» osp(6/4) has only 2y automorphisms
» For example

+ (Mg + Mos + M » = —F. ¢
= = Wiy frs +— M = = = = — 3. 0T =
— P = ¥ + T8 +—T-R: - T.H = = L, e — —._
3y 2 = — T T — IR — TR = e = &£ = —
dS S = (M, — M5 — M — =
-

¥ v 70 —= — iy — M=z — M= — —

dS S F — MT Ry + 1__'; — TR Ty =— (OF = —

dS: x CP p M;, +— Mg + M5 =

— P Mo, — M= ~ M- _




Summary and Outlook

» We gave an automorphism gluing boundary conditions for
half-BPS D-branes

» These D-brane configuration are integrable as explained
» Confirmed integrability of AdSs x S* at strong coupling




Summary and Qutlook

» We gave an automorphism gluing boundary conditions for
half-BPS D-branes

» These D-brane configuration are integrable as explained
» Confirmed integrability of AdSs x S* at strong coupling
» Find less supersymmetric integrable configurations

» Use pure-spinor formalism for to prove the existence of the
charges at the guantum level

» Complete the classification for other interesting
backgrounds

» Find the dual gauge theory open spin chains for the new
integrable configurations

Tei-Avv Unnersity




Thank You!




