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GLSM of 55-brane

Focus only on 4-transverse directions of five-branes.

S. Sasaki and TK arXiv:1304.4061


http://arxiv.org/abs/1304.4061

GLSM of 5§—brane is constructed from GLSM of NS5-brane, as in SUGRA.
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GLSM of 5%—brane is constructed from GLSM of NS5-brane, as in SUGRA.
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' GLSM of NS5-brane

1 _ _
Aiss = +/d49—2(—@@+w)
g
GLSM of NS5-brane D. Tong hep-th/0204186
N = (4,4) N =(2,2) fole
neutral HM | chiral U = X% +i X% 4 ... twisted chiral © = X7 +i X"+ ... spacetime coord.

etsuji KIMURA : GLSM of Exotic Five-brane


http://arxiv.org/abs/hep-th/0204186

GLSM of NS5-brane

1 — — 1 _ _
Hss = /d4«9{—2(—22+<1><1>) }+/d49—2(—@@+\11\11)
e g
+/d29 ( +(s— qf)cp) + (h.c.)
+/d25(t —0)X 4+ (h.c.)
GLSM of NS5-brane D. Tong hep-th/0204186
N = (4,4) N =(2,2) ik
neutral HM | chiral U = X% +i X% 4 ... twisted chiral © = X7 +i X"+ ... spacetime coord.
VMs twisted chiral ¥ = D, D_V chiral @ gauging isometry
Fl parameters s=s+is® t=t"+it? position of five-branes
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http://arxiv.org/abs/hep-th/0204186

GLSM of NS5-brane

sy = /d49{é(—§2+6®) —I—@eQVQ—I—ge_QV@}—I—/d%%(—@@—l—@\ﬂ)

_|_

_|_

/d29 (@’@Q + (s — qz)cp) + (h.c)

/d?é’(t —O)S + (he)

GLSM of NS5-brane D. Tong hep-th/0204186

N = (4,4) N =(2,2) role
neutral HM | chiral U = X% +i X% 4 ... twisted chiral © = X7 +i X"+ ... spacetime coord.
VMs twisted chiral ¥ = D, D_V chiral ® gauging isometry
charged HM chiral Q (4) chiral Q (—) curving geometry
Fl parameters s=s+is® t=t"+it? position of five-branes

uji KIMURA : GLSM of Exotic Five-brane


http://arxiv.org/abs/hep-th/0204186

' GLSM of NS5-brane

Bosonic Lagrangian after integrating-out auxiliary fields :

. 1711
2 = S [5(Fo0)? = 100 = 10m6] = [IDmal® + 1Dnl?]
—2ig2 [(amX6)2 + (OmX ") + (O X®)* + (O X 9)2] — (X7 = ") Fn
£ = =2(lo1*+1¢1*) (la]* + 13* + ¢°)
e’ 2 2 7 )2 2| ~ 6 6 15¢ N
= (laf = @ = (X7 = 17)) = F[gg - (X° — 58) —i(X® ~ 59)

~ Steps to NLSM of NS5-brane

1.
2.
3.

SUSY vacua Pt = ()

solve constraints on (g, q)

IR limit e — o0, and integrate out A,,

suji KIMURA : GLSM of Exotic Five-brane




_ GLSM of NS5-brane

1 1 1 — mmn 7
pNSM _5(?+?> (OnX)? + (OmX*)2| + €™ Q0 X" 0, X°

1 1
—§G1 ;o XTomx) + 5BI semmo. X1o, X7

Target space geometry is...

- I
Grg = Hory, Big = {4

I 1 .
H = —2—|—;, Q; = ...(skip)

\_ ‘ J
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GLSM of NS5-brane

Ass = /d‘*@{é(—iZJr@b) +@e2vQ+5e‘2V@} +/d49%(—@@+$\11)
+/d29 (@’@Q + (s — \I!)(I)) + (h.c)

+/d22)’(t— 0)% + (h.c.)
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' GLSM of NS5-brane

Ass = /d‘*@{é(—iZJr@D) —I—QeQVQ—I—Ee_QV@}—|—/d49%(—@@—|—$\11)
+/d29 (@’@Q + (s — \II)(I)) + (h.c)

+/d25(t—@)2+(h.c.)

T-duality transformation to KK-monopole

(free) string | sign flip (parity) in right-mover momentum <> winding
spacetime Buscher rule (Gr7,B15) — (G}, B )
SUSY sigma model : Rocek-Verlinde formula chiral ¢ twisted chiral

suji KIMURA : GLSM of Exotic Five-brane



GLSM of NS5-brane

Ass = /d‘*@{é(—inr@D) —I—QeQVQ—I—Ee_QV@}—|—/d49%(—@@—|—$\11)
+/d29 (@’@Q + (s — qf)cp) + (h.c)

+/d25(t—@)z+(h.c.)

T-duality transformation to KK-monopole

Duality (Ro¢ek-Verlinde) transformation
1
g

+(0o £01)X° = —¢g*(Dy+ D,)Y”
D,Y? = 90,Y°+ A,

(O+0) = (T+D)+V

tsuji KIMURA : GLSM of Exotic Five-brane



GLSM of KK-monopole

2

Sk = /d%{é(—ieq@b) +@e2VQ+5e—2V@}+/d49{%(r+f+v)2+—2mf}
+/d29 (@@Q +(s— \If)@) + (h.c)

_|_{ /d25t2 + (h.c.)} — ™" Op (X Ay)

GLSM of KK-monopole
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' GLSM of KK-monopole

Bosonic Lagrangian after integrating-out auxiliary fields :

- 171
20 = S[5(Fo)? = 0mol? = 10ml] = [|Dmal® + |1Dn?]
1 2
“2g [(6‘mX )2+ (0 XT)? + (0 X 8>2] - %(DmY9)2 — ™9, (X0 — ) A)
Lo = —2(lol*+19°) (Ia1* + 1a1* + ¢%)
e? 2 2 7o) 2| ~ 6 6\ -rvs sl
-5 (laf* — @ = (X7 =) = e2|ag — (X° = ) (X" %)

~ Steps to NLSM of KK-monopole

1. SUSY vacua ZPt'=0 Ny +
2. solve constraints on (q, q) — f N\

6,7 -monopole
3. IR limit e — oo, and integrate out A,, KK 1

(X°, X7 X5, Y7)

suji KIMURA : GLSM of Exotic Five-brane




_ GLSM of KK-monopole

1 L1 1 |
gNLSM —§H[(8mX)2] — SH T (0¥ = 20, X)’

1 1
—§G” 0, XTOmX7 + 531 semmo. X119, X/

Target space geometry is...

4 I
Gij = Hdj;, Go9 = H ', Bry =0
1 1
H = =<+, Q; = ...(skip)
N g7 Y,
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GLSM of KK-monopole

Lk = /d%{é(—ieq@b) +@e2VQ+5e‘2V@}+/d49{%2<r+f+v)2+g—12@11}

+/d29 (@@Q +(s— \If)@) + (h.c)

_|_{ /d25t2 + (h.c.)} — ™" Op (X Ay)

T-duality transformation to 53-brane!
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GLSM of KK-monopole

Lk = /d@{é(—ieq@b) +@e2VQ+5e‘2V@}+/d49{%2<r+r+v)2+g—12@11}

+/d29 (@@Q +(s— \If)<1>) + (h.c)

_|_{ /d25t2 + (h.c.)} — ™" Op (X Ay)

T-duality transformation to 53-brane!

Duality (Ro¢ek-Verlinde) transformation
1 _ o _
—?(\IH—\IJ) = (E+2)-(C+0)
® = D,D_C f. ©=D,D_V

tsuji KIMURA : GLSM of Exotic Five-brane



GLSM of exotic five-brane

4 = [anfh(-smes) 20001 30g)
+/d49%2{(F+F+V)2—(E+E—(C+€))2}
+{/d29 (@®Q+s<b) +(h.c.)} —/d49 (U —T)(C -0O)

+ /d2§t 24 (he)} — e 0 (X0A,)

GLSM of exotic 55-brane

S. Sasaki and TK arXiv:1304.4061

tsuji KIMURA : GLSM of Exotic Five-brane


http://arxiv.org/abs/1304.4061

_ GLSM of exotic five-brane

~ Steps to NLSM of 53-brane ~
1. search SUSY vacua Zretential —
2. solve constraints of charged HM (Q, Q)
3. integrate out VM (V,®) in IR

*4. integrate s°, and solve EOM for T-dual field X®

tsuji KIMURA : GLSM of Exotic Five-brane




' GLSM of exotic five-brane

We obtained GLSM/NLSM of Exotic Five-brane!

etsuji KIMURA : GLSM of Exotic Five-brane



(QUANTUM
CORRECTIONS


http://arxiv.org/abs/1305.4439

Quantum corrections

String Worldsheet Instanton Corrections

!

Deform target space geometry by momentum and/or winding effects

—_—

worldsheet
spacetime

Tetsuji KIMURA : GLSM of Exotic Five-brane



Quantum corrections

GLSM is a powerful tool in this stage :

Worldsheet instantons in NLSM can be captured by

vortex solution in gauge theory

Tetsuji KIMURA : GLSM of Exotic Five-brane



Quantum corrections to NSh-brane

» NS5-brane
1 1 _ 9
H = — + —: radius of X

g r
g — 0 case general r g — 00 case r—0]|r—o0
radius of X 00 radius of X 00 0
KK-modes light KK-modes light heavy
winding modes heavy winding modes | heavy light

tsuji KIMURA : GLSM of Exotic Five-brane




; Quantum corrections to NSh-brane

» NS5-brane
1 1 _ 9
H = — + —: radius of X

g r
g — 0 case general r g — 00 case r—0]|r—o0
radius of X 00 radius of X 00 0
KK-modes light KK-modes light heavy
winding modes heavy winding modes | heavy light

GLSM of NS5-brane has X?F;
!

KK-mode corrections can be captured by vortex solution in gauge theory

suji KIMURA : GLSM of Exotic Five-brane




Quantum corrections to NSh-brane

Worldsheet instanton corrections to NS5-brane :
X9F01 in GLSM

— unfolding effect on compactified circle X°

\\ > \\
7L 6,7 NS5-brane 7L 6,7,8 NS5-brane

Tetsuji KIMURA : GLSM of Exotic Five-brane



Quantum corrections to NSh-brane

Worldsheet instanton corrections to NS5-brane :
X9F01 in GLSM

— unfolding effect on compactified circle X°

\\ ; \\
7L 6,7 NS5-brane 7L 6,7,8 NS5-brane

oo

1 1 1 1 . w9 . w9
_ —nr| +inX —inX
H = ? + ; — ? + ; E: e [e + e }
1 1 sinh(7)
= —+-=

g?>  rcosh(r) — cos(X?)

D. Tong hep-th/0204186

Tetsuji KIMURA : GLSM of Exotic Five-brane


http://arxiv.org/abs/hep-th/0204186

Quantum corrections to KK-monopole

» KK-monopole

1 1 1\ 1 . 9
H = (—2 -+ —) . radius of Y
g r
g — 0 case general r g — 00 case r—0|r—oo
radius of Y 0 radius of Y 0 00
KK-modes heavy KK-modes heavy light
winding modes light winding modes | light heavy

tsuji KIMURA : GLSM of Exotic Five-brane




Quantum corrections to KK-monopole

» KK-monopole

1 1\ -1
H-! = (— + —) - radius of Y?

g* r
g — 0 case general r g — 00 case r—0|r—oo
radius of Y 0 radius of Y 0 00
KK-modes heavy KK-modes heavy light
winding modes light winding modes | light heavy

GLSM of KK-monopole has £™"9,,(X°A,,)
L

Winding mode corrections can be captured by vortex solution in gauge theory

uji KIMURA : GLSM of Exotic Five-brane




' Quantum corrections to KK-monopole

Worldsheet instanton corrections to KK-monopole :
M O (XYA,,) in GLSM

— string winding modes along X

’ /‘ ” II’
ﬁL 6,7 KK-monopole 7L 6,7 KK-monopole

1 1 sinh(r) string winding along
H=—5+ 9 :
g% rcosh(r) — cos(X?) dual circle X*

J. Harvey and S. Jensen hep-th/0507204; K. Okuyama hep-th/0508097

etsuji KIMURA : GLSM of Exotic Five-brane


http://arxiv.org/abs/hep-th/0507204
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Quantum corrections to 5§—brane

» 53-brane
E : radius of Y H:i—i—alog(é) K = H?+ (09,)?
K 9* 0o/’ )
g — 0 case general o g — 00 case o— 0 o— A
radius of Y° 0 radius of Y° 0 0 | ooat 9, =0
KK-modes heavy KK-modes heavy | heavy ! light at v, =10
winding modes light winding modes | light light heavy at ¥, =0

tsuji KIMURA : GLSM of Exotic Five-brane



Quantum corrections to 5§—brane

» 53-brane
E . radius of Y H:i—i—alog(é) K = H?+ (09,)?
K 9° 0o/’ ¢
g — 0 case general o g — 00 case o—0 o— A
radius of Y° 0 radius of Y° 0 0 | ooat 9, =0
KK-modes heavy KK-modes heavy | heavy ! light at v, =10
winding modes light winding modes | light light heavy at ¥, =0

GLSM of 53 with one gauged isometry has £"0,,(X°A,)
!

Winding mode corrections can be captured by vortex solution in gauge theory

ji KIMURA : GLSM of Exotic Five-brane




| Quantum corrections to 55-brane

Worldsheet instanton corrections to 53-brane with one gauged isometry :
™ 9 (X2 A,,) in GLSM

— string winding modes along X

—
H — ho+olog(u/o) string winding along
+UZeXP(i”X9)K0(|”|Q> dual circle X
n#0

S. Sasaki and TK arXiv:1305.4439

etsuji KIMURA : GLSM of Exotic Five-brane


http://arxiv.org/abs/1305.4439

SUMMARY



Summary and Discussions

We established GLEM for exotic five-brane!

v co-dim. 2 ; isometry ; non—single-valued metric

v First application : worldsheet instanton corrections along X -direction

We hope this N' = (4,4) GLSM tells us more and more !

v/ Another instantons : string winding modes along X ®-direction ?
v/ modular invariance, dipole description ? T. Kikuchi, T. Okada and Y. Sakatani

v/ more exotic as “multiple states of NS5 + 53" de Boer and Shigemori

tsuji KIMURA : GLSM of Exotic Five-brane


http://arxiv.org/abs/1205.5549
http://arxiv.org/abs/1209.6056

Thanks
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Geometries in string theory

10D string theory = D-dim spacetime ® compact space My

geometry
associated with

geometry
associated with
Gmn1 an

geometry
associated with

G, T = C(o) + ie”?®

geometry
associated with
Gons Bon, P, C’(p)

Conventional geometry (manifold)

O(d) global symmetry +  ordinary compactifications
[Calabi-Yau, etc] I

Generalized geometry t
O(d, d; Z) T-duality symmetry i flux compactifications
[T-fold] !

Generalized geometry f
SL(2,7) S-duality symmetry " F-theory

Generalized geometry " -
. n compactifications
Eqi1(a+1)(Z) U-duality symmetry

[U-fold] with non-abelian gauge

KIMURA : GLSM of Exotic Five-brane



Geometries in string theory

Non-geometric structure

structure groups = diffeom. (GL(d,R)) U  String duality groups

N~

T
T-duality, U-duality, etc.

GL(d,R) U duality transf.

Generalized Geometry  (N. Hitchin)
Doubled Geometry (C. Hull)

H3-brane is a concrete example (T-fold)

Exotic brane shows us a new insight of stringy spacetime

tsuji KIMURA : GLSM of Exotic Five-brane



Various branes

M-theory on S1(Rs) mass/tension (Is=1) type ITA

longitudinal M2 1 F1
1 0152 354556 758;9;M
transverse M2 — D2 : ! ! ! ! ! ! !
9s va ; v ; v ; va ; v ; v ; v : Sl ; RB
1 I
longitudinal M5 . D4 KK6 — 65 . Taub-NUT
1
transverse M5 ? NS5
R? ) 2
longitudinal KK6 N KK5 be - M — (Bi---Rec)
gs n - mn
9s
1
KK6 with Rty = R, g_ D6
2
transverse KK6 REN 65
9s

for review: N. Obers and B. Pioline hep-th/9809039

tsuji KIMURA : GLSM of Exotic Five-brane
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D7 as an exotic brane

A very rough sketch on D7-brane (co-dim. 2 in 10D)

Moving around a D7-brane induces an SL(2,7Z) monodromy charge ¢
q: (C2,B2) — (C2 + Bz, Bs)
Since co-dim. 2, brane charges are not conserved but

(0, NS5) — (D5, NS5)

D7
NS5
Cr’ﬂ | o
DT B & o
NS5+ D5

an instructive discussion : J. de Boer and M. Shigemori arXiv:1209.6056

tsuji KIMURA : GLSM of Exotic Five-brane
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- NS5-branes N

o codim. 4 (R*, e RY)

o ds® = dugos + H(x) [(dx6)2 + (dz")* + (dz®)* + (dxg)ﬂ

Q 1
) H(x):1+z|>_<’—>_<’p\2’ Hpnp = €mnp? 04 log H(x), <I>:§logH(x)
p

N J

dzd 9345 = —dt? + (dat)? + ... + (dx®)?

9 4, T+ T

“E+ t + 4
> 0,7,8 \ .

NS5-brane

etsuji KIMURA : GLSM of Exotic Five-brane



- NS5-branes (smeared), or H-monopoles \

e codim. 3 (R*x S, FeR?)

o ds® = dagogs + H(x) [(dx6)2 + (dz")* + (dz®)* + (dxg)ﬂ

/
1
) H(x):1+2|7:*_77|’ Hpnp = €mnp? 04 log H(z), CbzilogH(:p)
N Y ’ J
dzd osss = —dt? + (dzh)? + ... + (dzP)?
Qe
! ' 1
/4 * /
T \ -+ /
/ > 6,7 H-monopole

tsuji KIMURA : GLSM of Exotic Five-brane



- KK-monopoles ~

e codim. 3 (R3x S!: Taub-NUT space, 7€ R3)

1
o ds® = dadipeus + H(x) [(dx6)2 4 (da™)? + (de)ﬂ o (47 + w)°
p
N b )
O O O O

s /50 4+ 4+ / > 3 /
L r+ 7 L / i 4+t +

4+ +
i‘ /4 \: y T-duality i' /
6,7 H-monopole 6,7 KK-monopole

tsuji KIMURA : GLSM of Exotic Five-brane



Five-branes

- 52-brane ~

e co-dim. 2 (R? x T?)
o H(z)=h+olog (%) . (0,9,) € R?
N J

O Q)
8 : j i | 2
A T-duality '
7L 6,7 \

KK-monopole
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I o

Gauged Linear Sigma Model (GLSM) is quite powerful !

in V' = (2,2) case :
v CY/LG (geometry/CFT) correspondence [phases]
+ E. Witten hep-th/9301042
v/ mirror symmetry [T-duality]
< K. Hori and C. Vafa hep-th/0002222
v/ quantum Kahler moduli space [instantons]

< N. Doroud et al arXiv:1206.2606; H. Jockers et al arXiv:1208.6244

tsuji KIMURA : GLSM of Exotic Five-brane



http://arxiv.org/abs/hep-th/9301042
http://arxiv.org/abs/hep-th/0002222
http://arxiv.org/abs/1206.2606
http://arxiv.org/abs/1208.6244

I o

e T-duality transformation is represented as

(free) string | sign flip (parity) in right-mover momentum <> winding
spacetime Buscher rule (G1y,B1y) — (G}, B )
SUSY sigma model : Rotek-Verlinde formula chiral < twisted chiral

tsuji KIMURA : GLSM of Exotic Five-brane




I o

e NS5-brane(s) and KK-monopole(s) can also be described by

IR limit of A/ = (4,4) GLSM

D. Tong hep-th/0204186; J. Harvey and S. Jensen hep-th/0507204; K. Okuyama hep-th/0508097

7L 6,7 NS5-brane 74' 6,7 KK-monopole

~ from KK-monopoles to 53-brane... ~

1. logarithmic function (co-dim. 2)

2. isometry, T-duality along z°®

3. nongeometric coordinates, non—single-valued metric
_ J
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LESSON 1 : GLSM of NS5-brane



' LESSON 1 : NS5-brane

Bosonic Lagrangian after integrating-out auxiliary fields :

. 1
2 = S [5(Fo0)? = 100 = 10m6] = [IDmal® + 1Dnl?]
—— [(amX6)2 + (OmX ") + (O X®)* + (O X 9)2] — (X7 = ") Fn
£ = =2(lo1*+1¢1*) (la]* + 13* + ¢°)
2

=5 (1o = @2 = (7= 7)) = a7 - (X° = o) —i(x" - )]

~ Steps to NLSM of NS5-brane

N
O 0
1. SUSY vacua ZP°t =0 yam |
2. solve constraints on (q, q) — f N\
677 -brane
3. IR limit e — o0, and integrate out A,, o
(X0, X7 X%, X7)
N J
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LESSON 1 : NS5-brane (details)

1. SUSY vacua

o=0=¢, |gf—|gP=X"—t",  q7=(X°—s")+i(X" ")

2. solve constraints on (q, q)

_ lOé\/,r,_'_ _t7 a:

X0 ) X )
Vr+ (XT—17)

1 A 2
Dindl? + | Dl = - [(amx6)2 (O XT)? + (amx8)2} + r(@ma A, - 8mXZ)

r=/(X6—s6)2+ (X7 —t7)2 4 (X8 — 8)2

— (X6 - 59)0,, X8 + (X® — 5%)0,,X°
r(r+ (X7 —1t7))

0,0, X" =

3. IR limit e — o0, and integrate out A4,,

r
1/1 1 - .
= LA = (—92 + ;) [(amX)2 + (Om X9)2} + ™ Q; 0 X' 0, X7
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LESSON 2 : T-duality



LESSON 2 : T-duality

O —1I:
S > Lo = /d49(— 9—12@@) +{/d25(—@)2+(h.c.)}
_ /d49{ _ zif(@ FOP (04O} 0, (X°4,)
1
1 _
Lpr = /d49 { _ 2—9232 _ BV - B(I'+ F)} ™9, (X0 A,)

real B = B : chiral Eif =0
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LESSON 2 : T-duality

O —1I:
4 1 2 T mn 9
Lpr = /d 9{——23 —BV—(F+F)B} ™9, (X0 A,)
29
Integrating out I, I' : — GLSM of NS5-brane B=0+06
or, Integrating out B : — GLSM of KK-monopole %B =-T+D)-V
duality relation : O=X"+iX°+..., T=Y"4+iY?+...
X7 — _g2y7
O+0 = —¢*(T+1) =gV — | £@+d)X° = —¢*(Dy+ D1)Y?
D, Y? = 0,Y°+ A,
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LESSON 2 : T-duality

1 _ _ _ = ~ g2 o 2 1
_ anf Lt 2V 2V a5 [9° 1
Lk = /d 9{62( zz+<1><1>) +0e2VQ+ Qe Q}+/d 9{ : (P+F+V) +92w}
+/d20 (@@Q + (s — \IJ)CI)) + (h.c.)
+{ /d25t2 + (h.c.)} — ™ 9 (X7 A)
~ Steps to NLSM of KK-monopole ~
Ok
1. SUSY vacua .ZPt =0 Ny 4 i
2. solve constraints on (q, q) — f N
6,7 KK-monopole
3. IR limit e — o0, and integrate out A,,
(X0, X7 X5, YY)
N J
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LESSON 2 : T-duality (details)

1. SUSY vacua

o=0=¢, |gf—|gP=X"—t",  q7=(X°—s")+i(X" ")

2. solve constraints on (qq, qa)

(X0 ) (XR )
Vr+ (XT—1t7)

(=i (X7,

2

3. IR limit e — o0, and integrate out A,,

Lo vi_q.a.x)-q.0,x _ 1.1
A, = TH((‘?mY Q; 0 X"') — Q; 0, X", H_92+r
1 - 1 .

etsuji KIMURA : GLSM of Exotic Five-brane



LESSON 3 : 53-brane



GLSM of exotic five-brane
VU — =
Lk > %L = /d4t9 %@W + { /d29 (—\IJ)CI) + (h.C.)}

/d49 {%(\11 PO - (w4 T)(C+0))

+/d49{2a_1

292

ZLRrRsx=

(V-0 (¥ -T)(C-DO)}
!
/d49{

%}# —~R(C+0)+R(E, +51) + R(X +
2 — 1
+/d49{ a

292

X)}
(iS)% — (iS)(C — ) +iS(Za — Zp) +iS(X — X)}

R=R, S

=S, D;E12=0=D_E;5, Di:X=0, &,=D,D_C,
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_ GLSM of exotic five-brane

vV — =
7 = /d‘le{g%R?—R(C+U)+R(El+§1)+R(X+Y)}
2a — 1 _ _ _
— / d40{ ‘;gQ (15)2—(iS)(C—C)+15(52—52)+15(X—X)}

Integrating out =1, =5, X : — GLSM of KK-monopole

or, Integrating out R, Z5 : — GLSM of 55-brane “R=-(E1+Z)+(C+0C)

U=X04+iX84...

N|—

duality relation at a =

V+U = —¢*E1+51) +g°(C+O)

X0 ~ real part of =

0X® ~ O(imaginary part of =) + “gauge” fields in C,
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GLSM of exotic five-brane

S =

/d40 {é( — ¥+ 6@) +Qe?VQ+ 56_2‘/@}

+/d499;{(r+r+v)2_ (z+5-c+0))

+{ /d29 (QCDQ + s(I)) + (h.c.)} _ /d49 (U — 0)(C - O)
+{ /d29t2 + (h.c.)} — ™ O (X A,)
N = (4,4) N =(2,2) role
neutral HM | twisted chiral = = X6 +iV®+ ... chiral T = X" 4+iY?%+ ... spacetime coord.
VMs twisted chiral ¥ = D, D_V chiral ® =D, D_C gauging isometry
charged HM chiral @ (+) chiral Q (—) curving geometry
Fl parameters s=25%+is8 t=t"4+1it? position of five-branes
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GLSM of exotic five-brane (details)

: 1r1
"E’ﬂém — g[?(FOl)Q - |8m0-‘2 — ‘am¢’2} — [’DmQP + |Dma|2}
_1 612 72'_9_2 812 n2l  /v9 49
947 [(C%X )"+ (0 X)) =5 [(amY )? + (D Y?) } (X7 — 1) Fin

L = =2(lo]? +4|M.?) (laI* + |a1* + ¢°)

e’ 2 2 A 2| ~ 6 6 ./ v 8 8
=S (laf? = @ = (X7 =47)) " = e?ad — (X° = %) — (X" - 5°)
g° < =
+ ?(Ac: + Ac:)(BC% + Bc—|+)

| 2

(0 +01)X® = —g*(80+ D)Y® + g*(Beyy + Beyy)

(o — 01)X® = +9g%(00— 01)Y® + ¢* (A + Aes)
2

9 - 1

2
g (Ao + Ae) (B + Bey) = =5 5(0m X" + S (OmY®)? + ™" (0, X5)(0,Y)
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GLSM of exotic five-brane (details)

Step 1.,2.,3. :
7 = —%H[(@mX6)2+(8mX7)2+(8mX8) ] —ﬁ(a yo)2
—(22)2(0,”)(8) ?j(a XH(0™mY?)
(g}} (8, X %)% — 9228(@ X6) (0™ X®) + %(amxﬁ)(amy%
—™ 0 (X2 =t A,) + ™0, X5)(0,V®)
= %% e = r<rf<8X_7S—8t7))’ s = _r<rffx_78—6t7)>
Am:—T—H(a VY —Q;0,X") — Q0,X°
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GLSM of exotic five-brane (details)

integral of s

Step 4. : s® =27 Rg s > emerge isometry
( H — ho+ olog(u/o) : co-dim. 2 0= /(X6 —s6)2 + (X7 —17)2
! Q=0 : isometry along X°®
X7 o t7
\ (lg — o arctan <X6——56) =0V, : "non-single-valued” metric

EOM for X% : 8, X8 :% 7V,

[ 2 (0nY) + emn(a"YS)] K = H? 1 (9,)?

9 o
s

KK- monopole
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Quantum corrections

GLSM is a powerful tool, also in this stage :

Worldsheet instantons in NLSM can be captured by

vortex solution in gauge theory

ex.) GLSM of NS5-brane :

Take the configuration: ¢ =0=0 with ¢?> — 0 and finite e

1 e? 2 .
ZE = @(F12)2+|DmQ‘2+E(|Q‘2_C) ‘|‘1X9F12
Fios = Fe*(l¢*—¢), 0 = (D1+iD3)q

Abrikosov-Nielsen-Olesen vortex eq.

1

_27'('
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Remodeled GLSMs of defect five-branes

» Duality transformation : & — W’

— — 1 —
E+E-(C+C) = —?(\IJ’+\IJ’+V’)

Remodeled GLSM of defect KK-monopole “Zykkm

» Duality transformation : I' — ©’

_ 1 _ __
F+T+V = —?[@’+@’—(C’+C’)]

Remodeled GLSM of defect NS5-brane Zynss
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FExtension 7

S. Sasaki and TK arXiv:1310.6163


http://arxiv.org/abs/1310.6163

Remodeled GLSM

55-brane geometry has two isometries:

YO = Y94a, Y8 = V84Q
/
55

Tetsuji KIMURA : GLSM of Exotic Five-brane



_ Remodeled GLSM

55-brane geometry has two isometries:

gf9 s Y9+05, Y® = Y®+5

Gauged Ungauged

It is natural to think that the second isometry along Y ® could be also gauged

because there are no difference between Y? and Y® in geometrical picture.
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' Remodeled GLSM

55-brane geometry has two isometries:

gf9 s Y9+05, Y® = Y®+5

Gauged Ungauged

It is natural to think that the second isometry along Y ® could be also gauged

because there are no difference between Y? and Y® in geometrical picture.

Extend the GLSM of Exotic Five-brane
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Remodeled GLSM

G = /d‘le{é(—iEJr&b)+@e2VQ+5e_2V@}
+/d499;{(r+f+v)2— (E+§—(C+5))2}
_|_{/d29 (@¢Q+s<1>) T (h.c.)} _ /d49(\11 —U)(C-C)

+{/d25t2+(h.c.)} — "™ 9,,(X A,)

original GLSM of exotic 53-brane

Neutral HM =3 Y3 T 2 Y® can be coupled to NEW multiplets (Z’,CI)’;Q’,@’)
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Remodeled GLSM

Ly = /d@{é(—iE—l—@fb)—|—@e2vQ+5e_2vC§}
+/d499;{(r+r+v)2_ (z+5-c+0)’)
+{/d29 (@@Q—I—s(ﬁ) +(h.c.)} —/d‘le(xp—ﬁ)(c*—é)

+{/d25t2+ (h.c.)} — ™9, (X A,) + L

% contains NEW multiplets (X', ®’; Q’,@’) for second gauging =Y
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Remodeled GLSM

S = /d4e{6_12(_iz+6q>) +Q7Q+ Qe Q)
+/d499;{(r+r+v)2_ (z+3-(c+0))
+{/d29 (@(I)QJrscI)) +(h.c.)}—/d49(xp—ﬁ)(c—6)
+{/d2§tz+(h.c.)} — e (XA, +

Ze = [ao{ (- Tv) !
+/d29( (s = 1)8') + (hc)

—I—/d2§(t’—5) >+ (h.c.)
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f Remodeled GLSM

Ly = /d4e{6_12(_iz+6q>) +Q7Q+ Qe Q)
+/d499;{(r+f+v)2— (z+3-(c+0))
+{/d29 (Q2Q + 50) + (hc) —/d46’ (¥ — T)(C - C)
+{/d2§tz+(h.c.)} _ e, (XOA,) + L

Lo = / d*0 {6—12( ST 4 T) + Qe+ Qe QY
+ / @0 (Q'Q + ('~ 1)@') + (hc.)

+/d2§(t’—5) >+ (h.c.)

- Tetsuji KIMURA : GLSM of Exotic Five-brane



' Remodeled GLSM

Feature of % = % + % :

» Two gauged directions (as desired)

Y9 =Y%4+a, Y®P—SY®4+p

» Broken SUSY : N = (4,4) to N = (2,2)

by two different SU(2)r symmetries associated with two VMs (X, ®), (3, ®')
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' Remodeled GLSM

Feature of % = % + % :

» Two gauged directions (as desired)

Y9 =Y%4+a, Y®P—SY®4+p Good!

» Broken SUSY : N = (4,4) to N = (2,2)

by two different SU(2)r symmetries associated with two VMs (X, ®), (3, ®')
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' Remodeled GLSM

Feature of % = % + % :

» Two gauged directions (as desired)

Y9 =Y%4+a, Y®P—SY®4+p Good!

» Broken SUSY : N = (4,4) to N = (2,2)
by two different SU(2)r symmetries associated with two VMs (X, ®), (3, ®')

Bad!? or Rich structure!?
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_ Remodeled GLSM

Feature of % = % + % :

» Two gauged directions (as desired)

Y9 =Y%4+a, Y®P—SY®4+p Good!

» Broken SUSY : N = (4,4) to N = (2,2)
by two different SU(2)r symmetries associated with two VMs (X, ®), (3, ®')

Bad!? or Rich structure!?

How is the NLSM in the IR limit?
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_ Remodeled GLSM

~ Steps to NLSM

N
1. search SUSY vacua ZPotential — ()
2. solve constraints of charged HMs (Q, Qv) (Q’, Qv’)
3. integrate out VMs (3, @), (3/,®’) in IR
*4. integrate s° and s’?, and solve EOM for T-dual field X°®
N y,
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| Remodeled GLSM

~ Steps to NLSM

<
1. search SUSY vacua .Zpotential —
2. solve constraints of charged HMs (Q, Qv) (Q’, Qv’)
3. integrate out VMs (3, @), (3/,®’) in IR
*4. integrate s° and s’?, and solve EOM for T-dual field X°®
N Y
g __1 i/ a 2 28192—15 2H/ 8Y82 8Y92
NLSM — 2H+ 2H (m@) +Q(m@) 2K+g (m )—l_(m )
0-19 mn mn
_ (79 + a’ﬁ’g) (Y ) (0,Y°) — e™ 8, ((X° — 1°)A,,)
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Remodeled GLSM

Spacetime background geometry :

Ve I
| — H 2 17/
G66—G77—H+?H, Gss—G99:E+9H
o)
Boo =~ —
\_ %
1 A A
H = —+olog—, H' = o'log—, K = H?+ (09,)?
g 0 0
X7—t7
0 = V(X0 —s6)24 (X7 —1¢7)2, Yo = arctan <X6_36)
_XG_ Ztlﬁ
o = V(=XO— g0+ (X7 — g%s7)2, U, = arctan <_X7_§23/7>
I S Rs , 1
- 1Rs  wa'’ 7 ™R
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_ Remodeled GLSM

Spacetime background geometry :

4 , H N
Geg = G = H+;—><, Ggs = Ggg = E_FM
o)

Boo = — —2
\_ )
1 A A
H = —+olog—, H' = o'log—, K = H?+ (09,)?
g 0 0
X7—t7
0 = V(X0 —50)24 (X7 —1t7)2, Vo = arCtan<X6_36)
_XG_ 2t/6
o = V(=XO— g0+ (X7 — g%s7)2, U, = arctan <_X7_§23/7>
I S Rs , 1
- 1Rs  wa'’ 7 ™R

This goes to the geometry of exotic 55-brane

if o/ — 0 (i.e., Ry — o)
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' Remodeled GLSM

Spacetime background geometry :

4 1 7 N
/ 27171/
G66:G77:H‘|’?Ha G88:G99:E+9H
o)
Boo = —% —o
\_ /
1 A A
H = —+4olog—, H = d'log=, K = H?+(00,)?
g 0 0
X7 —t7
0o = \/(X6—86)2—|—(X7—t7)2, ﬁg = arctan (X6—86)
_X6_ 2t/6
¢ = V(=X6—g20)2 4+ (—XT — ¢%57)2, J, = arctan (—X7—§2s’7>
_ 1 _Rs , 1
B 7TR8 B 7TOé/7 7 71'759

What's happen in other region?
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Remodeled GLSM

Spacetime background geometry :

4 1 7 N
/ 2171/
G66:G77:H‘|’?Ha G88=G99=E+9H
o)
Boo = —% —o
\_ /
1 A A
H = —+4olog—, H = d'log=, K = H?+(00,)?
g 0 0
X7 —t7
0o = \/(X6—86)2—|—(X7—t7)2, ﬁg = arctan (X6—86)
_X6_ 2t/6
o = VEXTS @R XTgTRE,i = arctan (o)
o 1 7€8 / 1
- = = o) = —
7TR8 7TOé/7 WRg

It is not the correction to 53-brane geometry

but the emergence of another five-brane |
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Remodeled GLSM

Small ¢’ limit : (i.e., ﬁg — 00)
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Remodeled GLSM

Large o' limit : (i.e., Rg — 0)
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Remodeled GLSM

General o’ : (finite Ro)
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Remodeled GLSM

General o’ : (finite Ro)
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Remodeled GLSM

General o’ : (finite Ro)
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| Quantum corrections to 55-brane

Signals from GLSM with two gauged isometries %% :

4 N
g™ 9, (X A,) :  first gauging along dual coord. X°

Y®F}, : second gauging along physical coord. Y®
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Quantum corrections to 55-brane

Signals from GLSM with two gauged isometries %% :

4 N
g™ 9, (XA,) :  first gauging along dual coord. X°

— Winding corrections would be traced by A, -vortices

Y8F(’)1 : second gauging along physical coord. V®

— Momentum corrections would be traced by A’ -vortices

- /
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Quantum corrections to 55-brane

» 53-brane with two gauged isometries

% + ¢>H’ : radius of V5, Y? H' =o' log (%')
g — 0 case general o g — 00 case general o
radius of Y8, Y? 0 radius of Y8, Y? 00
KK-modes heavy KK-modes light
winding modes light winding modes heavy
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Quantum corrections to 5§—brane

» 53-brane with two gauged isometries

% + ¢>H’ : radius of V5, Y? H' =o' log (%')
g — 0 case general o g — 00 case general o
radius of Y8, Y? 0 radius of Y8, Y? 00
KK-modes heavy KK-modes light
winding modes light winding modes heavy

g — 0 : Winding mode corrections along X® can be captured by A4,,
via €™ 9,,(X°A,,) in GLSM
g — 0o :  KK-mode corrections along Y can be captured by A’

via Y8F!, in GLSM
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Quantum corrections to 5§—brane

» 53-brane with two gauged isometries

% + ¢>H’ : radius of V5, Y? H' =o' log (%')
g — 0 case general o g — 00 case general o
radius of Y8, Y? 0 radius of Y8, Y? 00
KK-modes heavy KK-modes light
winding modes light winding modes heavy

g — 0 : Winding mode corrections along X® can be captured by A4,,
via €™ 9,,(X°A,,) in GLSM

g — 00 :

However, corrections to Y® disappears in small o’ limit!
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Quantum corrections to 55-brane

small ¢’ limit = large radius limit of Y

e disappearance of NS5-brane

e disappearance of Y®-corrections
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Quantum corrections to 55-brane

small ¢’ limit = large radius limit of Y

e disappearance of NS5-brane

e disappearance of Y®-corrections

!

Y 8_corrections to NS5-brane,

rather than 53-brane !?

Current Interest
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Remodeled GLSM of defect KK-monopole

i = [ a0 {5~ T2+ 50) 420+ G20
+/d49{%2(r+f+v)2+g_12mf}
+{ /d29 (@@Q + (s — \If)@) + (h-c-)} + { /d25tz + (h.c.)}
—e™ 9, (X A,) — ™ 0, (VEAL)
* / o { (- T+ TY) 4 @Y+ QY

+{ /d29 (@’@’Q’ 4 (s — r)q>’) + (h.c.)} + { /d25t’ > + (h.c.)}

V40 = V4 U4V = —¢*(E+Z)+4¢°(C+0O)
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Remodeled GLSM of defect KK-monopole

1
IUH = A0 XP 4 (0, X7} — LB (00X — €0,Y%)” — B(0,Y7)

—™" 9, (XYA,) — €™ 0, (YA

Ges = Grr = A, Gss = B, Ggg = B+ C*B~', Ggg = —CB~!
By =0
1 H 5 ov,
‘A:H—F?H/, %Z?—FQH/, (‘3:?—|—0/?9;
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Remodeled GLSM of defect NSb5-brane

Linss = /d‘*e{;(—im@@)+@e2VQ+5e—2Vé§}
+/d40%{—@@+§\11}

+{ /d29 (Q2Q + (s = 1)@) + (hc) } + { /dQé’(t ~O)S + (he)}

N

I -T)C =C") =™, (YEAL)

]_ — — — / ~ !~
d49 {_2( . Z/E/ + (I)/(I)/) + Q/ e2V Q/ + Q/e—QV Q/}
e

_|_

-/
/

+{ /d29 (@’(D’Q’ + s’(I)’) + (h.c.)} + { /dQEft’ ¥+ (h.c.)}
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Remodeled GLSM of defect NSb5-brane

2P = AL On X + (0 X7} = (74 @87 (0,2 + (0 X))

1
>
+CBH(B 4+ 2B 1) T (9, X %) (0, X)

—emm g, (VA
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(p,q) 7-branes vs exotic five-branes

ERPUNQY:Fi2
(p,q) 7-branes 3 (NS5, 53)-branes %
7 R TTiEH 7 R TTEH
o — N SL(2,Z)g <— SL(2,Z)T . N
3RTTBFZE L DZHFR 3RTTHFZE L DEZHRFR

e DA FAL

Tetsuji KIMURA : GLSM of Exotic Five-brane



N = (2,2) superfields

U = (XO+iX®) +if0 Ty, +i0 x_+i0T07G+...

(1]
|

= (YO +iY®) +i0T¢, +i0 6 +i0T0 G=+ ...

O = (X"+iX") +i0TX, +i0X_+i0T0G+...

I = (YT 4+iY?) +i0%¢, +i07 ¢ +i070 Gr+ ...
Qo = q+i0TYL +i0 _ +i0T0"F + ...
Qo = (+i0 0, +i0¢_ +i0T0"F + ...

V o= 001 (Ag+ A) +070"(Ag— A) — 0010 — 00

—10T0~ (0 X4 + 0 A_) +i0T0- (07X +07A_) —0F0=0T0 Dy
d, = ¢+ib A\ +i0"A_+i0T0 " Dy+... = D.D_C
C = ¢po4+i0Thoy +i0 e +i0 xey +10 Yo
HOTOF. +10T0 M. +i070-G.+i10T0 "N, +070" A + 0707 B,
—10T07 0T (o —i01070 " Co +10T07 0T A +16107 0" Ao — 0107616 D,
)

with Dy = —8% +16%(0y £ 01), Dy = prre 16%(0y + 01)
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