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Motivation and Objective:

Twisting 3d /V=4 theories with boundaries:
* Very interesting implications:

Susy compactificationson %

Topological bulk | X
* (0} Study bulk TFT using bdy VOA data
. Gaiotto ‘18
H OZOmOCUﬁZC boundary Gaiotto - Costello - Creutzig ’18
?
. d{05}: VOA e Central 1ssue:
Compatibiliry of boundary with bulk topological twist
via appropriate deformation ot Gostello 18
aiotto-Costello
In this talk:

Show how topological twist 1s implemented as a deformation of a holomorphically twisted theory,
by engineering the theories in brane world volumes in a particular background



Outline:

®  3d N=4theories with boundaries:
Topological and Holomorphic twists

Boundaries, deformations and compatibility

® Brane engineering:

Bulk and boundary theory
Twisting and background geometry

® Twisted lIB supergravity:
Holomorphic brane engineering

Background deformations and compatibility

o Summary, future directions and ongoing work



3d N=4 with boundaries:

Superconformal algebra:

~» 3d N=4 Hypermultiplet :

g(3, N =4) = 0sp(4/4) D 50(3,2) x 50(4) R
Scalars: (¢q,§) € 1]

(2,2) ~ -
Qel2 SO()r ~ SU(2)c x SU(2)n e (b € (23

Twisting:
o hoy:SU2)L = SU2)L x SU(2)c.m Qc, Qu — Topological twist

e 0:0°=0, Brst — 9+ @BRST Ohol —  Holomorphic twist




3d N=4 with boundaries:

Superconformal algebra:

~» 3d N=4 Hypermultiplet :

g(3, V' =4) = 0sp(4[4) D 50(3,2) x s0(4)r
Scalars: (¢q,§) € [1]12)

(2,2) ~ -
Qel2 SO()r ~ SU(2)c x SU(2)n e (b € (23

T'wisting:

o hoy:SU2)L = SU2)L x SU(2)c.m Qc, Qu — Topological twist *-.
P2

o (O Q2 = 0, QBRST — Q -+ QBRST Qhol — HO]OIHOI‘phiC tWIST .o




3d N=4 with boundaries:

Consider topological supercharges as deformations of the holomorphic one:

QH — Qhol. + CQH QC’ — Qhol. + CQC

Gaiotto-Costello ‘18

— Apply to construction of appropriate boundary conditions!

o N =(0,4):  Compatible with bulk Zolomorphic but not topological twist Holomorphic twist
Deformable to be compatiblewith bulk topological twist: Deflorm
e N =(2,2): Topologically twisted theory

Compatible with both zolomorphic and topological twist



3d N=4 with boundaries:

* (0,4) b.c for free hypermultiplet: Parametrized deformation,

Ohol. + (@ .C - gl gt =0

e C: Bpo: (0.4)Dirichlet b.c can be deformed to be compatible with C-twist

c H: B ~¢ : (0,4) Neumann b.c can be deformed to be compatible with H-twist

N: H-wist S =S Svmplectic Boson VOA
y So > So+8 . 0QuaS =Ty Sb ymplectic boson

D: Cawist S=Sp,  Symplectic Fermion VOA
Deto preserving H,C-deformed susy if:

~o

5Qh018 — j@QH,C

Gaiotto-Rapcak ‘18



Brane engineering:

e 3d N=4 theories can be realized as brane world volume theories:

D5 NS5
0 1 2 3 4 5 6 7 8 9
D3 ® o o ®
D3 D3 D5 e o o e o o
NS5/ e © o o e o
* Boundaries realized from extra 1I1B five-branes:
D5 NS5 N =(0,4)
D5’ o o ® o o o
NS5 [ e e ® o o o
D3 D3
5 1 Hanany-Okazaki ‘18




Brane engineering:

T'wisting homomorphisms:

0

» Appropriate choice of target space geometry

Bershadsky, Vafa, Sadov ‘96

M3 —> T;},CMB C CY3

~ (Q-cohomology?

Several points intracable: Holomorphic twist?

Deformations?

® & o



Twisted lIB supergravity:

Detined as :

Supergravity background where, the bosonic ghost (q) of local supersymmetry

acquires non-vanishing v.e.v

» EoM satisfied for q being a cov. const. spinor: ¢ = @

» Susy theory on this background : @srsr + <

Ditferent choice of bosonic ghosts —  different twists



Twisted lIB supergravity:

Interested in a particular vev, giving the Zolomorp/hic twist of the 11B background:

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

Costello, Li ‘16

...................................................................................................................

+ BCOV theory is the closed string field theory of the topological B-model

— deformations of CY-complex structure Bershadsky, Gecottl, Oogurl, Vata 54

» Fields of the theory in terms of polyvector fields:

PV (X) = Q% (X, AT X) PV (X)) 22 Q-4 (X))

. . 2,0 /0,0
» Residula supersymmetries: Focuson PV=7, PV™



Twisted lIB supergravity:

Holomorphic Hanany-Witten: the case of the hypermultplet

bulk: C,, x C,, x C,, x C,,

2 y 2 2
Ry X R5 x R3 X Ry

D3: C.,, x Cp, x 0 x 0

v Holomorphic configuration on bulk and brane

Next: need to add the D5s



Twisted lIB supergravity:

The D5 support is not along a complex submanifold of C®
Deform, using the bivector 0y, A O,

bulk: C,, x C,, x C, x C, x C,
RG; x R x R3 x Riy x R
D3 C.,, x@uph x 0 x 0 x 0.
D5: C,, x Rox0olg x 0 x Rg X

Theory topological along w1 5
Next: N = (0,4) boundary



Twisted lIB supergravity:

Introduce Dirichler boundary conditions: D5’

bulk: C., X Cw, X Gz X Cu x Gy

1%
1%
1%

D3: C,, x (Ry)pxIg x 0 x 0 x 0.

D5’ C,, x 0 x Rg x C,, x Rs x 0

Which are the admissible deformations?
» Look among residual deformations and control which 1s compatible with the above:



Twisted lIB supergravity:

Pin down the following two :

QH — 22 & QC — azl /\ 822

v/« Deformingby Q¢ retains moduli along 23

while making the rest z-directions topological.

» Holomorphic solutions to the eom Results in agreement
with the original compatibility criterion

(and of course with our field theory analysis
X « Deformingby Qg retains the 22 moduli c.t. closing remarks ;) )

* No solutons to the eom!




Concluding remarks

* (Geometrization of holomorphic twist and on its deformation to topological
* Applicable to more general theories

* Field theory analysis BV

To be studied:

* Delect bulk operators and boundary VOAs
* Mirror-Symmetry checks (branches, holomorphic twist and dual pairs)?

* Theories with higher supersymmetry? (e.g ABJM)



Thank you for your attention...!



