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» Type lIB on T*/Zy x QR with D7-branes

Gimon,Polchinski; Blumenhagen, Braun, Kors, Lust;...

> Type llA on T®/Zy x Zym x QR (+discrete torsion) with D6-branes

Bailin, Blumenhagen, Cvetic, Forste, Honecker, Love, Lust, Ott, Staessens,...

> special Lagrangian (sLag) cycles support O-planes and D-branes for
N =1S5USY

J{féi'hler| =0, %(Q”)}sLag =0, %(Qn)’ > 0.

sLag ~ sLag

» How do they react to deformations of Orbifold singularities?

» What deformations are allowed?

What cycles remain sLag?

Study more generic regions in Moduli Space
Deformation moduli may be stabilized

More possibilities for orientifolds

vV vy vy
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Special Lagrangeans in T*/Z,

On T4/Z2
» Bulk cycles Ij; = m; ® 7; inherited from Torus

» Exceptional cycles e,g hidden in Z; singlarities

» Fractional cycles

1
e =2 (I_IJ + Z(—l)weaﬂ>

» e.g. O-plane from QR : z; — Z;:

® U ®
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Special Lagrangeans in T°/Z, x Z

On T6/Zz X Ly
> Bulk cycles M = m; @ m; @ my
» Exceptional cycles E,g = e, ® 7;
» Fractional cycles

1 0] i
fi
nfee = 2 | Mo+ (-1 EY)

i,aB
MNor = ® ® U ® ®
U ® ® U ® ®
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Gimon—Polchinski Model

» type |IB on square T*/Zy x Q

Giomon, Polchinski

» 09 plane from Q

» 16 O5 planes at Z; singularities

> add 16x D9 and 16xD5 for tadpole cancellation

» T-Dualize along 7- and 9- direction:
» 1IBon T*/Zy x QR with R : z; +— Z;

» O7 planes and D7 branes on sLag cycles
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Gimon—Polchinski Spectrum

» From CFT calculation:
» Gauge group U(16) times U(16)
» HyperMultiplets: 2 x (120 x 1) +2 x (1 x 120) + (16 x 16)

» from Geometric considerations:
(Na X Nb) I'Ia o I'Ib
Sym(Na) MyoMy —Tz0Mo7
Asym(Na) | Mo My 4+ Myo0Mo7
= 07 planes wrap bulk cycles
= D7 branes wrap fractional cycles M,/ = %(I’Ibulk +MNyz,)
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T*/7Z, as Hypersurface

Deformable T*#/Z, Orbifold is hypersurface in toric variety:
Start with 2 elliptic curves (y;, x;, v;), i = 1,2, identify y := y1y»

4
Def(T*/Z2) =4 y? = Fi-Fa+ Y capdF™ - 6F
af=1

» F; encode torus complex structure
» £48 € C encode deformation of 16 Z singularities

» Holomorphic two-form:

Q, = dzi Adz

y
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T®/Zy x Zy as Hypersurface

T6/Z2 X Zp Orbifold w/ discrete torsion is hypersurface in toric

va riety: Vafa, Witten

3 elliptic curves (yj, xj, vi), i = 1,2,3, identify y := y1y2y3
Def(T®/Zy x Z,) =
(VP =F R R+ Y s RoF S 4+ 3 s s FMoFPoFD

» F; encode torus complex structure

> c43 € C encode deformation of 3 x 16 Z, fixed planes

> cq3y ensure 4 x 4 x 4 codimension-three (conifold) singularities
_dzz Adz Adzs

Q3
y
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sLags on Elliptic curves

T? ~ {y2 =4vx3 — gvix — g3v4} C P11

» Orientifold symmetry requires g, g3 € R:
» untilted (rectangular) tori j > 1
> tilted tori j <1
» sLags from fixed sets of antilinear involutions o :
X X i
— A — e'fy
» On square torus:

I 11, |II, \
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sLags on T*/Z,

X2

frac. horizontal & vertical cycles

from og : (x;,vi) — (Xi, Vi) Ibxla laxla
> oR .y y: sLags
calibrated with Re(2,) Haxiib lbx I1b
(gray) "
> ORIy =Y sLags 1bx Ib lax b
calibrated with Im(€>)
(white) laxlla lbxlla
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sLags on Deformed T*/7Z,

> QR restricts e € R

» Exceptional cycle
€33 = {Xl = Yz}:
» £¢>0: sLagw.r.t.
Re(Qz)
» e <0: sLagw.r.t.
|m(Q2)

» fractional cycles shrink
(Ib ® Ip, 1l @ 1)

» Gimon-Polchinski cycles
loose sLag property
—model not deformable?

lbxla laxla

llax|lb

,

EE— e X1

.
Ib x 1b

laxlb

llaxlla llbx Ila
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al of €2, on Exceptional Cycle

X2
JRe(@)
Ibxla laxla
201
llax1ib 1oxItb sl
,
4 ———
R e X1
,
I\ laxlb 10p
051
llaxlla libxlla
. . . . .
02 04 06 08

VO|(€33) =4r\/e33 + 0(533)
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Integral of €2, on Fractional Cycles

JRe@

L L L L .
02 04 06 08 10

Vol(lp @ 1p) = 4K(1/\ﬁ)2 — 27 \/e33 + O(e33)
S lhely = %(ﬂ13*e33:|:...)

Vol(la @ 1) = 4K(1/v/2)? + 2m [CLL: - 33 + O(e3s)
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Integral of €2, on Fractional Cycles

X2

Jim@y
20

X1

lHaxila osp

L L L L .
02 04 06 08 10

Vol(l, ® I1,) = 4K(1/v/2)2 — 27 fj§§ €33+ O(e33)

Vol(lp @ Hp + 1,  Ip) = 2Vol(l, & 11,)
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sLags on Deformed T°/Z, x Z,

> In general: difficult due to
requirement of 64 conifolds

» Exceptional cycle: S?
(x2 = X3) fibration over
Interval (0 < x; <1)

» Cycle structure more involved

» Volumes are harder to
compute
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Conclusion

v

QR restricts € € R, further restrictions from D-branes

» O-planes without / with / with only exceptional cycles
» Non-trivial structure of sLag cycles
» Deformation dependence for volumes of all cycles
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Outlook

» Tilted tori and higher orbifold groups

» General (n, m) cycles

mz

2
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sLags on Fully Deformed T*/7Z,

Two cases: o 'y — ty

> sLag w.r.t Re(Q): gray

I'IQR — Z I—Ifrac

= 2My3 — 24— Z €ap “axub)
> slag w.r.t Im(Q): white

= 2013 — 2lMo4
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