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Overview

— | @ IIB T Z- orientifold w. \" = 2 flux = lIA CY duals with no flux.
i Goal: Construct the dual manifolds explicitly

FEravity anarnvss

n-up: |IB on | ® Many properties deduced by classical sugra dualities
P | ‘ (Schulz [hep-th/0412270])
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=iy # We have found two explicit constructions:
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¢ Explicit algebro-geometric construction
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| @ Relation of CYs to one another? Construction of new CYs.
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Overview
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® |IB T°/Z5 onentifold w. \' = 2 flux = llA CY duals with no flux.
Goal: Construct the dual manifolds explicitly

# Many properties deduced by classical sugra dualities
(Schulz [hep-th/0412270])
# We have found two explicit constructions:

¢ Monodromy /string-junction description

"T;'—'. )

¢ Explicit algebro-geometric construction
L e "'!| L - =

® Relation of CYs to one another? Construction of new CYs.
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Motivations

o ' ® Fate of non-perturbative dualities in the presence of flux.

e | Example of open-closed, strong-weak (& RR-NS) duality.

Yalons =

MoV atkons | : = : s 5 > 2 — -

.| ® |IB T°/Z> orientifold one of the simplest |IB flux compactifications

rgravity anatvsis | -~ p p

. | (e.g., Kachru et.al. [hep-th/0201028]).

Z; | May still lead to insight on flux vacua duality in general.

ruction | |

odromy of | 1 I v A 7 e

e | @ HACY duals X,, , have m; =Z,, xZ,w. n=1.2.3.4.

L i | = useful for Heterotic phenomenology.

ST | Few CYs with nontrivial m; are known (work in progress by

e | Donagi, Saito.).

NE J3CoDIan o

facs !

_— | ® D3 instantons dualize to WS instantons wrapping P! sections.
ety | — Exact check of results on D-instantons w. background flux.
i 7 work In progress wi chulz.

vl . | k in prog th Schul
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More motivations

Vi | @ Studying the moduli space of CY duals in lIA= Can in principle
‘”“ﬁ | deduce warped KK reduction of the flux compactification in |IB.
WL = I
: motvations | (Eg DUUEIHS et.al. [08053?00]}
FEravity ananss | : ’ : : =

e | ® Connection to D(imensional)-duality?

ruction |
odromy of
flar fibers

(Silverstein; Green et.al. )
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Chasing the duality chain

- | @ Snapshot: 3 T-duals (IIB—IIA) and M-theory lift & drop

TR0

® Starting point: Warped product 1A/, T°/Z> w. D3/03.

FEravity anaifvss
ing the duality : “ ) 4 { - ) o
,, ¢ Finer structure;: T° =T~ 1=, T s a 1%9) hber.

ertes of Xm » | over T- base w. flat connections.
|

ertes of X o s

uo: 1B on ® Step one: T-dualize along S' © T= , and T= 5, result in:
Z2 . (M, 1_:'._ w Lroce/4a2 W. D6 /06 (1IA).

ruction | . " - -
sdromy of ¢ Fate of NS flux: H; — 1st Chern class of dual fibration

lar fibers 1 I'-'_“ a T e
;‘Iﬂ‘i“'m | ¢ Fate of RR flux: F5 — F5 = d(C'; captures the distribution of
BTN " D6/06 and curvature (x m) over T} ___.

ve Jacobian of | ¢ Note: non-trivial dilaton profile, as is generic in T-dualizing
3CE | =

| . . 1. e
_— | ® Step two: Lift to M—Ehaf:;r}{. result in My < S° CY3
Y __"':?__ 4 W. {:“1'::‘ = | ‘?“ | ':__ I_I 2 = \:‘l : I; :_
= ¢ Purely geometric: ('} identified as 4,5, D6/06 — TN/GH.

(color conservation 123. — ITIA')




Properties of X,

e | We can learn the following additional information:

V3ton

| @ Abelian surface (T*) fibration over P!,
| s 8+ N s .

rEravity anarvsis

ing the dualiy

erties of X, n ‘ SR =r OFf UJo- = Zer
ertes of X

up: IIB on v HOCI e — Q‘i: _Tl,,_l_h.__.j 'T,li-‘ — f.-—'l — _\_ o = _{ _\_ + 4dmn = 16.
z, | 4 e jing Open string
ruction | | Fa~2m. Ha ~ 2n \Npa + || H F -'.-_\'I in lIB.

odromy of 3 i~ " 3 -y =V EN
Har fibers

|

truction | | @ Generic Dy lattice of sections (mod torsion)

g-junctions . =

ruction || | ' i _'-I_. 3 ) il i - -
e lacobian of | v Fundamental group and discrete isometries

= T =4, X Z,, isometry =2, <X Z

AT | f partial higgsing of : -

= ® The case m = n = 0 leads to special case X g =K3<T=.
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ing the dualmy

ertes of X,

ertes of X,n n

uction |
odromy of
ilar fibers

truction |
g-junctions

truction |
ve lacobian of

lusioRs—_

Properties of X, .

® Approximate metric, harmonic forms

(small parameter = fiber/base x R'!).

® Polarization: Jiper x mdy’

® Non-vanishing triple intersections:

H2-A=2mn, H-&-&5 =—-méyp;

® H-co=8+N,andesp. \(4) = A-co =0 — Abelian surface

fibration (Oguiso).

al.) and g, E

111701

(Dasgupta et.
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truction | Warm_up: I'B on T: :l

odromy of
ilar hibers |

ruction | |

g-junctions

truction i

we lacobian of
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n 'I'i Z-;
odromy
I1pLEON
truction |
odromy of
ilar fibers

ruction |
E-juUnCions

truction |l
we lacobian of

face

IIB on ng’!gg

Recall IIB encoding of elliptic fibration over P! (e.g.. K

ag

® ¢{ F;—=1 unit RR charge — monodromy 741 — 7au + |

[ % ]

111925

® (p.q) 7-brane = where (p, g)-string ends, e.g. D7 brane=(1,0) 7-brane.

=
F-theory: singular elliptic fiber

® = cpxmod. of T- fiber, - — 7+ 1 about -

® aa+b3cyclein T=:

® pa + g3 (instead of a) cycle shrinks: Ky ;= [ *

— K(;), K= 573" ) monodromy matrix.
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FrEravity anafvsis

truction |
odromy of
lar fibers

uction |:

g-junctions

truction 1
we lacobian of

face

fusions
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® Let(p.q) charges A =(1.0

® These nonperturbative |IB data

Monodromy description

B=(1.-1)and C =(1.1

® Perturbative description of T</Z, orientifold: 16 D7s + 4 OTs.

. \ - S
Overall (local) monodromy= Ko = -k~

® Nonperturbative description: each O7 resolves to BC pair.(Sen)

® So, F-theory on the manifold K3:

Base P! = T+ /Z,, 24 singular fibers A'*(BC)*, with monodromies

Ay = ( 1' _ ), Kg=|

i) Eo—(2)

- the topology of K3.




INErpreELatic

oin

! tadpoie

truction |
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Construction |: Monodromy of singular
fibers




IIB on T°/Z,: Abelian fibration

- CY duals X,, , are T* fibration over P'. Why?
2 THON
ey s | @ Another point of view:
up: lIB on '
% | ® No flux

truction |

= - - | - - - - - = 3
ey T°/Z-> orientifold — |lA on K3 < T~

ISl MOErs i . —
o TS | Za: K3 = T- fibration over P!
ian fibration

odromy for T2

INErpreTation

3dpoes

# With A\ =2 flux F5 ~ 2m. Hy ~ 2n:
truction | 3 _
g-juncrions

I T° /Z> orientifold — llA on CY X,
ve lacobian of | S = T* fibration over P!

acs ——

fusion

5 . | *® Rougly flux induces twists mixing T* factor with T fiber of K3.
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Monodromy for 7+ fibers

)

NV D3s + 03sof T¢/Z; — ANBC1B>C>B3C3B,C,
- . - ! = B

rgravity analysi singular T* fibers of _

n-up- lIB on

tructon |

adromy of E —1
lar fibers . | 1 g > : ) _
S | K4 = ]L -— — — —— | = (old K4)+(identity) on T xT",

an fibration

odromy for T2
5

inerpretation | byt B, O, differ for i = 1. 2. 3. 4 ( Recall pairs of 06.). For example,

| tadpole |

truction |
g-junctions

rructon ||
e lacobian of

acs ——

= (old Kg)=(identity) on T"<xT" + m.n twists.

Py
-
bl
|
|
|
|
|
|
I
I
| =




Dual interpretation of RR tadpole

|
\ | - xr = - -
i | @ On the base of X, ,,, a P*, the loop that encloses all singular fibers
S is contractible (to the point at x).
rEravity anarvsis
n-up: IIB on | — Total monodromy must be unity:
7, |
truction | | — Ik .
sdromy of | § — lr\r. tal
jlar fibers _ _ _ - - N
o T®/Za | = Kc,Kg, ... Kc, K, K 4~
an fibration 1 ¢ i
odromy for T+ | o= ( 1L -0 0 ]
interpretation n T,
R tadpole
truction | | '-,vhere = N L
g-junctions |
ruction | ' - . 6 = .-,
e | @ Purely topological constraint reproduces T /Z; D3 charge condition
aes—— | ) = 1. “Topological Tadpole cancellation”
Yy |
- |
I |
S RO> |
|
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String junctions & Mordell-Weil lattice

g | String junctions: L

e | ® are W-bosons of 7-brane gauge theory,

e ‘ (Sen: DeWolfe...) g .pcode homology of F-theory elliptic fibration,
up: 1IB on | ® equivalence classes (charges) form a lattice.

truction | |

odromy of

ilar hibers | e : . -

ruction | ' e M -

g-junctions | - § ;

g junctions & -

sell Weil lattice Z S d )

and juncuon

efor Xom. n
ons O=ETwWeEsn
e lacobian of

aCE

® irred. components of singular fibers;

uction I ‘ b ® generic fiber, E &
o | ® sections. — string junctions, [ 4
= |
| Mordell-Weil lattice of sections = junction lattice/null loops (Fukae et
oS -

-_:‘_
r : T
_T“:_.




MW and junction lattice for X,

|
i | ® InCY X,,,.: a(p.q.r,s) l-cycle in T* fiber shrinks at each 4, B;,
Skl C, on P*
vy navs= | @ Obtain 2-cycles in X, , from S, . fibration over (p.q.r.s

up: IIB on . . . . o] . ;

Z junction graphs in base P*.
Nl  w Again, MW lattice of (rational) sections = junction lattice/null
adromy of '
ar fibers | loops.
truction | | 1 1471 — A Ed — e
Z-juncrions | L s --
g junctions &
dell-Weil lattice | ) = E y
and junction Dy = free part of MW lattice.
=for Xomn
IONS DEDWEEN 3

| —_ = —
ruction |l ; L= .
e lacobian of | |
e | = L F
hsios |

X | _ = . . S |
= v 7 Z.., = torsion part of MW lattice = isometry group.
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tructon |
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ruction |
- jUNCTIonS

g junctions &

ell-Weil lattice

and junction

efor Xm n

oons betwesn

ruction Il

L8

e lacobian of

Relations between CYs

N + 4mn = 16. Completeset of 8 X, ,, is

>, T, PR CYR . ©

® |IB S-duality H3; — F; imples X .., — X,. .-

via fiberwise T-dualizing T*, X; ;.X55 invariant.
® lopologically X, 1/(Z,, < Z,.) = X;

Discrete isometry — non-trivial m;
® Similarly Xy 1/(Z2 < Zs) = X5

with diagonal Zy « Zo C Zy x 2.

Is X1 a good parent for all X,, .7 descending by quotienting:
When singular fibers coalesce, additional isometries can develop,

1

adds to MW torsion from “weakly integral” junctions, e.g., a (1.0)

=
string ending on a collapsed 4~ pair: “(1/2.0) on each.”
Quotient by new isometry, changes polarization, but only m; = Z,,.

Positive side: leads to new CYs with non-trivial =;.
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Construction ll: Relative Jacobian of a
surface




Relative Jacobian of a surface

mruction |
odromy of
ilar fibers

ruction |
E-junclions

truction 11

iwve lacobian of
face

ove Jacobian of
face

ng the surface

i
i
|
!

Restrict to m.n = 1.1 (principle polarization).

ldea: complex surface much easier than 3-fold.

Economical description for simple enough singular fibers.

To every genus-g curve, can associate a principally polarized
Jacobian

torus 7-¢ with the same H,; (same space of 1-cycles (p.q.r.s)):

E

2 (e} Abel-Jacobi map T4

“Wilson lines”

I

rJ:

So, try to realize CY X ; as the fiberwise Jacobian, i.e. relative
Jacobian
of a surface S, where S is itself a genus-2 fibration over P'.

S could probably be made more physical as a fiberwise D-duality
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Tuction |
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face
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ty checks
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[heio e

Finding the surface S

¢ A,

3

enus-2 curve = double cover of P* with 6 branch points.

e

— - ——

= -

-
-
/ —— - —

L

-

- —

- |

-

3 \

' \

L] 1
- o

genus-2 fibration over P/,

h L
=

= branched double cover of P,

® Degree of branch curve B C S is (d. 6)

]

(6 branch pts in generic fiber of S — P, i.e., for genus-2).

==

Can view as S as 2-fold section v P of ((d/2.3). where

® Ford=2, ind a candidate for X; ;
The simplest solution! |Is it what what we are looking for?

]:r'l:'m .T.’!l_'q_nl' ’-it'_‘-Ll- *:-_.. :L‘,h .
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tructon |
odromy of
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ructon |
g-junctions

rructon
we lacobian of
face

we lJacobian of
ace
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tity checks

b o M
r i T

N

i

Identity checks

c1(X1.1) =0, consider Ky,  pr = Kp: = det| Nz,
Kp: = Op1(—2), can show Ny, = Up1(1 Op1(1)

1,4

h*t =h=" =14. h=" from cplx deform, / from # of sections.

- - . 1 7
20 nodal genus-2 fibers = same = of singular T~ fibers.
co = 20 elliptic curves (singular loci of fibers are codim. 2).
Sections of S

2nd projection S — P/, has genus-0 fibers Cy = (2P* — 2 br pts)
w. 12 degenerations, where the 2 br pts overlap, and C; — 2 P's
Pairs £;.f; meeting ata point (I =1..... 122

= 2 « 12 sections of genus-2 fibration (w. relat £ + € = Cy).

Sections of X
Given a fixed choice of zero section o = {£,.¢]
MW(X,; 1) = (00, fo)= (with S intersection pairing).
= 12 dimensional lattice, w. D_-

(Saito: maximal rank for MW(S))

matrec.
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More ID checks

® Intersections:

- S —  ‘“theta surface” O; C X ;.

a

enote

[ ]

A = abelian fiber, & =3(6; — o).
H=x(06;+06) —+A,

gives the desired intersections for X; ;.

— 24?7 Only effects self-intersection of [H]

— Basis for H from sugra has small mismatch w. H>(Z).

® Wall's classification theorem for 3 folds:

c1, 2, intersections = unique CY up to homotopy type.

115221
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tity checks

Identity checks

® ci(X341)=0 consider 1}-1._-{_‘_1 pL = i-l-lz; det | '\.F."‘

Kpr = Op1(—2), can show Ng; = Op1(1 Op1(1).

P P F F
® h't=h='=14 ~A=' from cplx deform, h'! from #
- = - l 2

® 20 nodal genus-2 fibers = same 7= of singular T~ fibers.
® oy = 20 elliptic curves (singular loci of fibers are codim. 2).
® Sections of S

of sections.

2nd projection S — P!, has genus-0 fibers Cy = (2P' — 2 br pts)

w. 12 degenerations, where the 2 br pts overlap, and (C —

Pairs £;.f; meeting ata point (I =1..... 12).

= 2 < 12 sections of genus-2 fibration (w. relat {r + €5
® Sections of X;

Given a fixed choice of zero section o = {£,. /]

MWI(X; ) = (g9, f2)— (with S intersection pairing).
matrix.

— 12 dimensional lattice, w. D,

(Saito: maximal rank for MW(S))

2 Pls
— }




More ID checks
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rgravity analysis v Er © S — “theta surface’ Or C X1.)-
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Za . ® Denote
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jlar fibers ¥ g = ] = ‘
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Tuction | -

e | gives the desired intersections for X ;.
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face N —2A7 Only effects self-intersection of [H]

e | — Basis for H from sugra has small mismatch w. H>(Z).
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o cheris | ®  Wall's classification theorem for 3 folds:
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Identity checks

]_ ...‘L.‘l —— |}_ C':‘nqid:'r f‘;_.-- | :;1 == ‘{‘L'.F'— d !_’['l_\.F
Kp: = Op1(—2), can show N=, — Owif1) & Opi(1).
il = bl =14, h*! from cplx deform, h'! from # of sections.

20 nodal genus-2 fibers = same £ of singular T* fibers.
co = 20 elliptic curves (singular |oci of fibers are codim. 2).

Sections of S

2nd projection S — P‘L__ has genus-0 fibers C; = (2P! br pts)
w. 12 degenerations, where the 2 br pts overlap, and Cy; — 2 Pls
Pairs £;.f; meeting ata point (I =1..... 12).

= 2 < 12 sections of genus-2 fibration (w. relat ¢ + £ = Cy).
Sections of X

Given a ﬁxed choice of zero section oy = {£,.¢]

MW(X, ao. f2)— (with S intersection pairing).

— 5 mmﬂnsnonai iattn:e v s

(Saito: maximal rank for MW(S))

matrc
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More ID checks

® Intersections:

® /(, S — ‘“theta surface” ©; © X ;.

® Denote

A = abelian fiber, &; ==(6; — ©)
H=1i(6;+6,)-14
gives the desired intersections for X ;.

—2A?7 Only effects self-intersection of [H]
— Basis for H from sugra has small mismatch w. H>(Z).

® Wall's classification theorem for 3 folds:
c1, 2, intersections = unique CY up to homotopy type.
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Conclusions

—

® Two complimentary constructions of the geometric duals of T /Z>

flux vacua:

1. Monodromy/string-junction description

Relative Jacobian of a genus-2 fibered surface S

® In each case, we have computed the Mordell-Weil lattice of sections,
to obtain the desired D ; lattice.

i

In Case 1, D3 tadpole condition = total monodromy = 1.
® All criteria for Wall's theorem (¢;, ¢, C; 5 ) satisfied in Case 2.

i

® Stage set for studying related issues in this setting:
g, warped KK reduction, D-instantons (#-functions | state

—— e

D

® Duality with other \\" = 2 string vacua, e.g. Heterotic-llA.

® Generalization to .\ = 1 by adding new branes, generic flux...
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