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Exotic branes

from standard branes via string dualities in lower dim
codim < 2
monodromy by string dualities

“nongeometric” background

/
55-brane
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F-theory

type IIB string theory
SL(2,7) S-duality monodromy
(p, q)-string ending on [p, q] 7-brane

branch cut, brane junctions, and non-trivial (gauge) groups

(7, 5)1 K[p,qus (1, 8)1

Hanany-Witten (gr —ps) - (p, q)1

Kl 172 / p.dl§
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- Exotic branes + F-theory ~

Exotic Brane Junctions

We can derive Everything of F-theory
and Beyond!

Eventually, | found a significant usage of (my favorite) 5§-brane.
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F-theory

Vafa: hep-th/9602022

Ek: “FE#H AR, BRI FHFFFE 95 (1997) C6

Zwiebach et al: hep-th/9709013, 9801205, 9804210, 9812028, 9812209, etc.

Zwiebach: “Seven-brane, string junctions and Lie algebra,” 1998 FEE Y v RI U L [ —JEBERD N & 5B 14 |
DeWolfe, Hanany, Igbal and Katz: hep-th/9902179


http://arxiv.org/abs/hep-th/9602022
http://ci.nii.ac.jp/naid/110006411897
http://arxiv.org/abs/hep-th/9709013
http://arxiv.org/abs/hep-th/9801205
http://arxiv.org/abs/hep-th/9804210
http://arxiv.org/abs/hep-th/9812028
http://arxiv.org/abs/hep-th/9812209
http://www-hep.phys.s.u-tokyo.ac.jp/japanese/tokutei99.html
http://arxiv.org/abs/hep-th/9902179

SL(2,7) duality

[IB action in Einstein frame :
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= 53 d"z v/ —Gg {RE— 2(ps)? —EF(3)-MijF(3)—Z|F(5)|
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Tetsuji KIMURA : Exotic Brane Junctions from F-theory



SL(2,7) duality

F-string :  couple to B )
D-string :  couple to C'»)

D7-brane : (magnetically) coupleto C € p

F-string (p, q)-string
SL(2,Z)
S [4
D7-brane [p, q] 7-brane
(1,0)-string = F-string [1,0] 7-brane = D7-brane
(0,1)-string = D-string [0,1] 7-brane = 73-brane (or NS7-brane)
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/-brane and monodromy

When p moves around a D7-brane counterclockwise,

it receives a magnetic “charge” of D7-brane (monodromy!) — p+1

D7
@
|
|
|
|
|
por +1 1 pp7
|
branch cut
ap+b 1 1
— 1 = = My - M = € SL(2,Z
p— p+ oo d 1,0 P 1,0 (0 1) (2,7Z)

or equivalently

1 —1
Kpo-(p+1) = p, Kpo = (Mpg)™' = (0 1 )
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/-brane and monodromy

Monodromy matrix K o) is SL(2,Z) transformed to K, , for [p, g| 7-brane :

(V) =o(o)= (") a=(1) estan

ex) Monodromy Ko 1; for 73-brane : Ko, = < 1 (1) )
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String junctions

(r, s)-string crossing the branch cut of [p, q] 7-brane :
(7“, 8)1 K[p,q]§ ) (Ta 3)1

Hanany-Witten (gr — ps) - (p, @)1

K[qu]%g ) (Tv 5)1 -

w/ charge conservation law : gr — ps = +1

[p, g]3-brane : [p, q] 7-brane by SL(2,7Z) S-duality
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Brane junctions

(r, s) 5-brane crossing the branch cut of [p, g| 7-brane :

Hanany-Witten

v

w/ charge conservation law : gr — ps = +1

(p, q)s-brane : p D5-branes + q NS5-branes on which (p, q)-string is ending
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Web of 5-branes with 7-branes

Application

SUSY gauge theory by brane construction :

D5

NS5 j«— L ——>{ NS5

D5

N, D5 between 2 NS5 = SU (IN.) gauge symmetry

N, D5 outside 2 NS5 = NNy flavors
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Web of 5-branes with 7-branes
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Web of 5-branes with 7-branes

no D7-branes :

5D N =1 SU(2) Yang-Mills theory on D5-brane

D5

NS5 j«<— L ——>] NSbH

D5
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Web of 5-branes with 7-branes

no D7-branes :

5D N =1 SU(2) Yang-Mills theory on D5-brane

N\ /
N\ /

B C

B-brane : [1,—1] 7-brane

C-brane : [1,1] 7-brane
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Web of 5-branes with 7-branes

no D7-branes :

5D N =1 SU(2) Yang-Mills theory on D5-brane

Hanany-Witten transitions

“Box” becomes “loop” by back reactions from B- and C-branes

Tetsuji KIMURA : Exotic Brane Junctions from F-theory



Web of 5-branes with 7-branes

no D7-branes :

5D N =1 SU(2) Yang-Mills theory on D5-brane

strong gauge coupling limit on 5-branes = small loop limit

Lbs -0, L —0, — 0

e
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Web of 5-branes with 7-branes

no D7-branes :

5D N =1 SU(2) Yang-Mills theory on D5-brane

open string ending on 2 C-branes — SU (2) symmetry

open string ending on C2-branes and “loop” 5-branes — flavor symmetry
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Web of 5-branes with 7-branes

no D7-branes :

5D N =1 SU(2) Yang-Mills theory on D5-brane

HW o 0 small

— SCFT w/ E; ~ SU(2) global symmetry emerges!
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Web of 5-branes with 7-branes

1 D7-brane :

5D N = 1 SU(2) gauge theory w/ 1 flavor on D5-brane

NS5 @ NS5
|
|
|
|
|
1
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Web of 5-branes with 7-branes

1 D7-brane :

5D N = 1 SU(2) gauge theory w/ 1 flavor on D5-brane

/

Hanany-Witten transition

new horizontal semi-infinite D5-brane appears = 1 flavor
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Web of 5-branes with 7-branes

1 D7-brane :

5D N = 1 SU(2) gauge theory w/ 1 flavor on D5-brane

NS5 @ NS5
|
|
|
|
|
1
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Web of 5-branes with 7-branes

1 D7-brane :

5D N = 1 SU(2) gauge theory w/ 1 flavor on D5-brane

N\ /
N\ /

B C
D5

D5

C

A
NS5[ @ [ Nss
|
i
|
|
| B

|

7/
/

N\
N\

A-brane: [1,0] 7-brane = D7-brane
B-brane: [1,—1] 7-brane
C-brane : [1,1] 7-brane
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Web of 5-branes with 7-branes

1 D7-brane :

5D N = 1 SU(2) gauge theory w/ 1 flavor on D5-brane

ABCBC

Hanany-Witten transtions

“Box” becomes “loop” by back reaction of ABCBC-branes
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Web of 5-branes with 7-branes

1 D7-brane :

5D N = 1 SU(2) gauge theory w/ 1 flavor on D5-brane

ABCCXgg 1

re-ordering of 7-branes: ABCBC = ABCCXj3

X[s,1)-brane = [3, 1]-brane
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Web of 5-branes with 7-branes

1 D7-brane :

5D N = 1 SU(2) gauge theory w/ 1 flavor on D5-brane

small loop limit
open string ending on 2 C-branes — SU (2) symmetry
open string ending on C2-branes and “loop” 5-branes — flavor symmetry

E, = SU(2) x U(1)
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Web of 5-branes with 7-branes

1 D7-brane :

SU (2) gauge w/ 1 flavor — SCFT w/ E, D SU(2) symmetry

o7 HW
NS5 NS5

¢ — —

1

|

I

I

1

D5 /

D5 B
: ABCCX o
A HW ABCBC reordering 1] smalll
NSE pe NS5 N @0000 5 @0000 —_—>
|
! A C2
l
|
|
1
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Web of 5-branes with 7-branes

n = 5,6,7 D7-branes :

SU (2) gauge w/ n = 5,6, 7 flavors — SCFT w/ E,, 1, symmetry

//
B C
D5 X31]
. n En
An HW A"BCBC reordering ATBCCX 3y small S
NS5 ® NS5 — @0000 > @®0000 E—
:
| D5
C | B
\\

After re-ordering A"BCBC = A"BCCX{3 1],

A"BCC are collapsible at one point! — E,, ;-brane
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Exotic brane junctions

Lozano-Tellechea and Ortin: hep-th/0012051
Bergshoeff, Ortin and Riccioni: arXiv:1109.4484
de Boer and Shigemori: arXiv:1209.6056
Sakatani: arXiv:1412.8769

TK: arXiv:1410.8403, 1601.02175, 1602.08606


http://arxiv.org/abs/hep-th/0012051
http://arxiv.org/abs/1109.4484
http://arxiv.org/abs/1209.6056
http://arxiv.org/abs/1412.8769
http://arxiv.org/abs/1410.8403
http://arxiv.org/abs/1601.02175
http://arxiv.org/abs/1602.08606

Nomenclature bgld’c) :

RiRy- - Ry(Rpi1-+  Rpic)*(Rpscr1 Rpicra)®

Mass =

g? eg—I—ZC—I—?’d—I—l
~ String dualities ~
03 14
T : R, —& = gs — —g
Yy ’ Yy 9 S S
R, R,
1
S : gs — —, Es — g;/2 es
N Is )

D5(12345) —>» NS5(12345) —°s KK5(123459) —° 52(1234589) —>» 52(12345,89)

5, 5, 5,
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SL(2,7Z) exotic dualities

s O
T ¢ T T T T T T

The SL(2,7) pairs (Dp, ps~?), (NS5, 52), (F1,15), (P, 0{"?)
yield the same physics as that of (D7, 73).

Exotic F-theories
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SL(2,7Z) exotic dualities

s O
T ¢ T T T T T T

We focus on [p, g]”.-brane = (p NS5, g 55).
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SL(2,7Z) exotic dualities

F-string :  couple to B )

D-string :  couple to Cy) Start from this config.

D7-brane : coupleto p = C + ie™?

F-string (p, q)-string
SL(2,7) .
D7-brane [p, q] 7-brane
(1,0)-string = F1 [1,0] 7-brane = D7(1234567)
(0,1)-string = D1 [0,1] 7-brane = 73(1234567)

Open D-string is ending on 73(1234567).
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SL(2,7Z) exotic dualities

F-string :  couple to B )

D3-brane : couple to Cy) Ter-dualizied

D5-brane : coupleto p = Cg) + ie— 29

F-string (p, q)-string
SL(2,Z)
D5-brane [p, q]dES—bra ne
(1,0)-string = F1 [1,0]%-brane = D5(12345)
(0,1)-string = D3 wrapped on T2, [0,1]% -brane = 55(12345,67)

Open D3-brane wrapped on T, is ending on 53(12345,67).
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SL(2,7Z) exotic dualities

D-string :  couple to C'3)

D3-brane : couple to C\y) STgr-dualizied

NS5-brane : coupleto p = Bé,z,) + jet2?

D-string (p, q)-string
SL(2,Z)
/ \ ST76S5TerS / \
NS5-brane [p, q]l5-brane
(1,0)-string = D1 [1,0]%-brane = NS5(12345)
(0,1)-string = D3 wrapped on T2, [0,1]% -brane = 55(12345,67)

Open D3-brane wrapped on T, is ending on 5‘3(12345,67).
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Exotic brane junctions

(r, s)-string crossing the branch cut of [p, g]%.-brane :
(7, 8)1 Kipgm - (r; 5)1

Hanany-Witten (gr — ps) - (p, q)1

\
r

1115 ' ) [p7 Q]ZS

D3-brane wrapped on T2, is ending on 55(12345,67).

(p, q)-string : p D1 + q D3 wrapped on T},
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Exotic brane junctions

(r, s) 5-brane crossing the branch cut of [p, g]%.-brane :
(r,5)s5 Kpp gz - (r,5)5

Hanany-Witten (gr —ps) - (p,q)s

\
r

y11g5 ' ) [p7 Q]ZS

52(1234Y,67) is ending on 55(12345,67).

(p, q) 5-brane : p 75(123467X) wrapped on T2, + q 55(1234Y,67)
l.e., STgr-dual of original (p, g) 5-brane = p D5(1234X) 4+ g NS5(1234Y)
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Exotic brane junctions

(r, s) 4-brane crossing the branch cut of [p, g]%.-brane :
(7,5)4 Kpp gz - (1,5)4

Hanany-Witten (gr —ps) - (p,q)a

s
»4lg5 ’ [p7q]55 :

KK5(1234Y,7) wrapped on S} is ending on 55(12345,67).

(p, q) 4-brane : p NS5(1237X) wrapped on S7 + g KK5(1234Y,7) wrapped on S}
l.e., ST47-dual of original (p, g) 5-brane = p D5(1234X) 4+ g NS5(1234Y)
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Exotic brane junctions

(r, s) 3-brane crossing the branch cut of [p, g]%.-brane :
(7, 5)3 Kpp g - (r8)3

Hanany-Witten (gr —ps) - (p,q)3

>
455 ’ [p, Q]ZS :

D5(1234Y) wrapped on T2, is ending on 55(12345,67).

(p, q) 3-brane : p D3(12X) + g D5(1234Y) wrapped on T2,
i.e., ST34-dual of original (p, g) 5-brane = p D5(1234X) + g NS5(1234Y)
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SCFTs with F,, ., symmetry
in 5D, 4D, and 3D

DeWolfe, Hanany, Igbal and Katz: hep-th/9902179
Benini, Benvenuti and Tachikawa: arXiv:0906.0359
Kim, Taki and Yagi: arXiv:1504.03672

etc.

TK: arXiv:1602.08606


http://arxiv.org/abs/hep-th/9902179
http://arxiv.org/abs/0906.0359
http://arxiv.org/abs/1504.03672
http://arxiv.org/abs/1602.08606

Web of 5-branes with multiple exotic 5-branes

Web of (r, s)5-branes w/ n coincident A-branes :

‘aB co B 0|1 2 3 4(5|® @ 8;9
75 aNss |- |- - - — |-
A™
A" 053 - | = - _—_ _ | = o2 0>
2 e |= w - |- - - - |- —|-
l
: 53 - - - - = o> @’ —
:ll? ”n ( ) :’,"“73” _ _ _ _ _ _ _ |
TyS)s5 | angle
, C : B N ' s5§ - - = = = o> @’
|

A-brane: [1,0]%-brane = NS5

B-brane : [1, —1] -brane

C-brane: [1,1]Z.-brane
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Web of 5-branes with multiple exotic 5-branes

n = 5,6, 7 flavors :

5D N =1 SU(2) gauge w/ n = 5,6, 7 flavors — SCFT w/ E,,.., symmetry

N 7

N 4
B C
7y Xp.1)
. n En
An HW A"BCBC reordering ATBCCX gy small S
2| o |z — @0000 > @0O000 —
|
7
C | B
1

N\
N\

gauge coupling on wrapped 73 :
1 V(ITZ)L L 2nRs 2rR;

gy~ g.0r g, £ 2

strong coupling limit :
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Web of 4-branes with multiple exotic 5-branes

Web of (r, s)4-branes w/ n coincident A-branes :

N\ /7 .
‘a B co B 0|1 2 3| ®|5 6| ®| 89
“NSS” i n Nss _ _ _ _ _ _
A"
A" E 053 - - - o’ - o’ |
“KK5” ’ HKK5H i “NSS,, _ _ _ _ _ _ i
I | !
| ‘KK | — | — — —| — o’ -
"NS5" rs) ' r*NSE” | — | — — — — |
Ty8)a | angle
gc | B O CSKKET | — | - - — | - o’
Ve | \
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Web of 4-branes with multiple exotic 5-branes

n = 5,6, 7 flavors :

ADN =2 SU(2) gauge w/ n = 5,6, 7 flavors — SCFT w/ E,, ., symmetry

N 4
B C
“NS5" )
. n En
An HW A"BCBC reordering ATBCCX gy small S
wks' | @ | kks —— @0000 3 @0000 —
:
“NS5’
C | B
1

strong coupling limit :
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Web of 3-branes with multiple exotic 5-branes

Web of (r, s)3-branes w/ n coincident A-branes :

N\ /7 .
‘a B co 1B 0|1 2|® @®|5 6 7|8:9
D3 aNss | - [ - - .
A"
A" 053 - | e 2| - - _ .
HD5H ’ HD5H i D3 _ _ . _i
I l :
! D5 | - |- —| - - . —
| D3 rs) . rD3 | — | — — |
ry8)3 | angle
|
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Web of 3-branes with multiple exotic 5-branes

n = 5,6, 7 flavors :

3D N =4 SU(2) gauge w/ n = 5,6, 7 flavors — SCFT w/ E,,.., symmetry

N 7

N\ B C 7
D3 X3.1]
A" HW A"BCBC reordering A"BCCXg 1) small Bt
“D5” ® D5 — @0000 S @0000 s
T
/ C : B AN
gauge coupling on NS5 :
1 L
9\2(|\/| B gs
strong coupling limit :
L—0
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Summary



Eventually, we understood

v objects ending on 55-brane
= wrapped D3-brane

(Its oscillations provide excitation modes on the 5§-brane worldvolume.)

v objects sensitive to 55-brane branch cut
— wrapped D3, 55, wrapped KK5, and wrapped D5

(They are created/annihilated by the Hanany-Witten transitions.)
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We also found the brane constructions which give rise to

v 5D N = 1 SCFTs with E,,,; symmetry
v 4D N = 2 SCFTs with E,,,; symmetry

v 3DN = 4 SCFTs with E,,; symmetry

We can further construct various brane configurations involving exotic branes.

Exotic F-theories

If you adapt the techniques of the 7-branes to the exotic branes,
you can construct F-theories in any dimensions.
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Thanks



Appendix



SUSY projection rules

e Solitonic five-branes in IlA theory :

NS5(12345) : 4e = I012345¢
KK5(12345,9) : 4e = T3¢
55(12345,89) : +e = I'1234%¢
55(12345,789) : +e = TI''2%5Te

55(12345,6789) : +e = I1234%¢

Lozano-Tellechea and Ortin: hep-th/0012051
TK: arXiv:1601.02175
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SUSY projection rules

e Solitonic five-branes in 1IB theory :

NS5(12345) : +e = I''2345(g3)e
KK5(12345,9) : 4e = I35
55(12345,89) : +e = TI'"'?%5(g3)e
55(12345,789) : +e = T'2345¢

55(12345,6789) : +e = T"'?%%%(g3)e

Lozano-Tellechea and Ortin: hep-th/0012051
TK: arXiv:1601.02175
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e Defect branes in IlA theory :

64(123456,7) :
43(1234,567) :
2>(12,34567) :
05(,1234567) :
19(1,234567) :

0,%(,234567,1) :

0123456 ) ¢
T3P (o) ) e
r'2(o;)e
T (0)e
I''Te

| R

SUSY projection rules

Lozano-Tellechea and Ortin: hep-th/0012051
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TK: arXiv:1601.02175
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SUSY projection rules

e Defect branes in 1B theory :

73(1234567) : +e = T4 (igy)e
55(12345,67) : de = T'2345(q))e
35(123,4567) : de = T°?(ioy)e
15(1,234567) : e = TI'(0y)e
19(1,234567) : +e = I'(o3)e

0{®(,234567,1) : +e = I''e

Lozano-Tellechea and Ortin: hep-th/0012051
TK: arXiv:1601.02175
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Backgrounds of branes

o NS5(12345) :

ds® = daz(2)12345 + P2 dm§7 + p2| fI? dzdz
e’ = p,

1
Bz = pidz® Adz”, Bg = —dz’ Adz' A--- Ada®
P2

p = pr+ips = BZ +ie?® = BY +i/det Gmn

T = (complex structure of T;;,) = i

f =1, mmn=6,7

Sakatani: arXiv:1412.8769
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Backgrounds of branes

o 55(12345,67) :

ds’? = dar;(2)12345 + py dw(2s7 + P;|f,|2 dzdz

82¢, e p;
1
Bl = p, dz® A dz”, By = ?dwo/\dwl/\---/\d:c‘r’
2
’ 1
p = B'Y +ie? = B +i/detG, = ———
PNS5
pp = - o= 2
' 27 77 |pl?
~ 1
7/ = (complex structure of Tj;,)) = i = ———
TNS5

po|F'12 = p2|fI?, m,n=6,7

Sakatani: arXiv:1412.8769
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Backgrounds of branes

e KK5(12345,7) smeared along 6-th direction :

1
ds? = dw(2)12345 + 7 daz(zi + —(d:n7 -7 d:136)2 + 1| f|?dzdz
T2

e?? = 1, B3 = 0, Bg =0

p = BY +i/det G, = i
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Backgrounds of branes

e KK5(12345,6) smeared along 7-th direction :

1
ds? = da? ,q, + Tydxl + —,(dm7 — T d:136)2 + 7| f'|? dzdz

T2
e =1, B, =0, Bg =0
1
p = B'Y +i/detG! = i= ———
PKK5
~ 1
7/ = (complex structure of Tpy) = 7 +iry = ———
TKK5

lf'1? = nlfl*, mn=86,7

Sakatani: arXiv:1412.8769

Tetsuji KIMURA : Exotic Brane Junctions from F-theory


http://arxiv.org/abs/1412.8769

Backgrounds of branes

e Dp(12-.-p):

1
d82 — (p2)1/2 d$312---p —I_ (p2)1/2 dwg,l---aq_p _I_ (p2)1/2|f|2 dZdE

2 = (py) 7"

C(7_p) = pP1 dx®* A ... Adx?—»r

1
Cipry = ——dz’ Ada' A--- Ada?
P2
p = CI P +ier P — CIP)  +ie~?(det Gp)'/?
f=1, mmn=a,...,ar_p

Sakatani: arXiv:1412.8769
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Backgrounds of branes

°® pg_p(lz...p,al...a,?_p):

1
ds™ = i Worsp  (02) g o+ (0) IS d2dz

’ 3—p
e*” = (py) 2

1
(1—p) = pydx® A .- Ada?P, C'('p+1) = —p—édwo/\dazl/\---/\dazp
/ 1
p= 'R tie?(det@,,)" P = ——
PDp
p/ _ _i p/ P2
1 = ’ = T 5
|p|? 2 |pl?
p;|f,|2 — p2|f|27 |f,| — |p||f|7 m,n = ajy...,Aa7—p

Sakatani: arXiv:1412.8769

Tetsuji KIMURA : Exotic Brane Junctions from F-theory


http://arxiv.org/abs/1412.8769

Backgrounds of branes

o F1(1):
1
ds? = E d:n(z)l + dw§34567 + |f|* dzdz
1
020 —
P2
1
By = p1 de? Adz3 A---AdaT, Bgp = —— dz® A da!

P2
6 .
P = 353215674‘19 2¢, f=1

Sakatani: arXiv:1412.8769
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Backgrounds of branes

o 15(1,234567) :

1
ds”? = ? dm(zll + dm§34567 + |f,|2 dzdz
2
e2¢’ — 1
P2
1
_ 2 3 7 _ 0 1
Bl = pydx® Adx® A -+ Ada', BE2) = ——dz" Adzx
P2
/ 1
pl = 3,5211567 +ie™* = ——
PFA

plF'12 = p2fI*s 'l = lpllf]

Sakatani: arXiv:1412.8769
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Backgrounds of branes

e P(1):

ds? = —2dz’dz' + ppdz? + d:13334567 + | fI? dzdz

1
e2¢ = —, B(z) = O, B(6) =0
P2

o 0.°(,234567,1) :

ds? = —2dz’dz' + p,dx? + dw§34567 + |f'|? dzdz
/ 1 2
e?? = — = ﬂ, B,y = 0, By =0
P2 P2
o 1
pl = ie ?? = e pol F'12 = pa2l 17, 1f'] = |pllf]

Sakatani: arXiv:1412.8769

Tetsuji KIMURA : Exotic Brane Junctions from F-theory


http://arxiv.org/abs/1412.8769

Fundamental domain and monodromy matrix

itr K'| is a good character to classify 7-branes :

a b

L4 b
oty d) e SL(2,7)

K-p. = — = p., K:<

cp. +d c

p. = 2ic{(a —d) + J(trK)? — 4}

|tr K| = 2 : parabolic (collapsible)
[tr K| > 2

ltr K| < 2: elliptic (collapsible)

|tr K| > 2 : hyperbolic (non-collapsible)

A

) ) 1 1 )
irrational 5 rational
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Collapsible 7-branes

monodromy branes collapsible? symmetry
T—" =K% A™ yes Ap—1 = 8SU(n) n>1
+2 1=T"= KcKgKcKpK5 Ey = A’BCBC yes Ey n =0
W= KoKpKoKgKS ™ AS-MBCBC o Bo | n<-1
ST ~ KcKa H, = AC yes H,
+1
(ST)"' ~ K2ZKpK’, Es = A’BC? yes Es
. S~ KcK? H,; = A2C yes H, = SU(2) “~" up to
—S ~ K%,KBKE4 E; = A’BC? yes E; G tf.
» —(ST)™' ~ KcK3, H, = A3C yes H, = SU(3)
—ST ~ KéKBKf4 E¢ = A’BC? yes Eg
—~T~" = KcKgK ™ D,;4 = A"MBC yes D, s = SO(2n + 8) n>1
—1=-T°= KcKpK% D, = A‘BC yes D4y = SO(8) n=0
, —T = KcKpK3, A3BC no D3 = SO(6) ~ SU(4) n=-—1
- —T? = KcKpK? A2BC no Dy, =8S0(4) ~SU(2) x SU(2) | n= -2
—T3 = KcKpKa ABC no D, =S0(2) ~U(1) n=-3
—T% = KcKp BC no — n=—4
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Re-ordering of (seven)-branes

[p, q]-brane is expressed by z = (p,q)! vector and X, .

The monodromy matrix K, is also given as
1 —p? 0 —1
K, = +2pq p = 142zz'S, S =
q 1 — pqg 1 O

Re-ordering the branes X,, X, :

XZ1XZ2 — X(Z2+(Z1XZ2)Z1)XZ1 — XZ2X(Z1—|—(Z1XZ2)Z2)

71 X Zog = —zrlsz2 = 2,5z, = det b1 P2
q1 g2

KZszl — K(Z1+(Z1XZ2)Z2)KZ2 — Kle(Z2+(Z1XZ2)Z1)
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Web of 5-branes with 7-branes

2 A-branes :

SU (2) gauge w/ 2 flavors — SCFT w/ E3 = SU(3) x SU(2) symmetry

N 7
B C
X
. 23]
A2 HW A’BCBC reordering small  ,o
NS5[ @ |nss  ———> ( @0000 ’ 5
|
| N°
| D5
C | B
7 1 \\

N-brane = [0, 1]-brane

A2-brane : SU(2)

A’BCBC ~ A’N°Xpp3 —
N3-brane : SU(3)

DeWolfe, Hanany, Igbal and Katz: hep-th/9902179
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Web of 5-branes with 7-branes

3 A-branes :

SU (2) gauge w/ 3 flavors — SCFT w/ E4, = SU(5) symmetry

X1.2
D5 i
A3 HW A’BCBC reordering small
NS5 ® NS5 —_ @0000 > —
:
Il A5
' D5
C | B
1

A’BCBC ~ A°X|_ 51X,y — AP’brane: SU(5)

DeWolfe, Hanany, Igbal and Katz: hep-th/9902179
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Web of 5-branes with 7-branes

4 A-branes :

SU (2) gauge w/ 4 flavors — SCFT w/ E5 = SO(10) symmetry

B C 12
D5
. 5
At HW A*BCBC reordering ABOX -1 small
NSE ® NS5 — @0000 > @000 —
:
I D5 Ds
|
C | B
1

A‘BCBC ~ A’BCX[_;3 — A’BC=D;: SO(10)

DeWolfe, Hanany, Igbal and Katz: hep-th/9902179
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Nongeometric configurations

Nongeometric SL(2,Z) doublets : (15, 15)-string and (53, 55)-brane

T

s O
¢ T T T T T T

D0 «<———> D] «—> D2 «=—> D3 «=——> D4 «<—> D) «——> D6 «=—> D7

s !
NS5\ T
'\
E/ A \ S
.............................. A R RREEEEEETEEEEELEEEEEEREERERRERRRIN ( CRNEEEY EEERRRRRRRRN IS
\
\44 5% /T
$S v

These pairs never couple to [p, q] 7-brane in the conventional type IIB supergravity

Go beyond it — Exceptional Field Theories (EFTs)
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Nongeometric configurations

EFTs in diverse dimensions :

D U-duality group arXiv D | U-duality group arXiv
1312.0614
9 | Ey2(Z) = SL(2,Z) X Z 1512.06115 5 Eg6)(Z
22)(Z) (2,2) X T o) (Z) 1412.7286
8 | B33 (Z) = SL(3,Z) x SL(2,Z) | 1501.01600 | 4 Eq7)(Z) 1312.4542
1302.1652
7 | Eyu)(Z) = SL(5,7Z) 1412.0635 | 3 Egs)(Z) 1406.3348
1512.02163
6 | E55)(Z) = SO(5,5;7Z) 1504.01523

SL(n + 15Z) C Epm(Z) in (11 — n)-dim : 14025027
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