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Introduction and motivation

® F-theory has seen recent progress in the understanding of some global
features with crucial implications for model building: U(1) symmetries,
discrete symmetries, torsional symmetries...

...Park, Morrison, Grimm, Weigand, Braun, Keitel, Cvetic, Palti, Klevers, Borchmann, Piragua, Mayrhofer, Grassi, Song,
Anderson, Garcia-Etxerbaria, Lin, Till, Oehlmann, Reuter...

® Fiber presentations as hypersurfaces in 2D toric varieties have been at the
core of these developments.
— new opportunities for model building!

® Very simple models with appealing phenomenological features, plus a very
rich structure:

o all models seem connected by a network of extremal transitions.
o intriguing duality relations between torsion and discrete symmetries.

see P. Oehlmann’s talk

e _.next step could be to look at their massless vectorlike spectra.
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Toric hypersurfaces and conifold transitions in 6D

Fe e Construct the fiber by cutting out a
torus from any of the 16 2D toric
ambient spaces.

® [n this setup, many properties of
the would be fibration can be read
out from the fiber.

n

® Fiber the ambient space

W Pp, —— ]P}%(SWSQ .
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Toric hypersurfaces and conifold transitions in 6D

6 b s e Construct the fiber by cutting out a
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Toric hypersurfaces and conifold transitions in 6D

At the level of the polytope we see the possibility of a "toric” Higgsing.

Uu €1 ww wu
w 2
€3 u?v uow VW
v €2 v2u v2w

® This is suggestive of an extremal transition: A resolution on the F; side and
a deformation on the Fs one.
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Toric hypersurfaces and conifold transitions in 6D

Consider the F; fiber on an “unresolved” P2.

, . ; o
u ‘1 ww wu

y w 2 a2
€ u?v uw 7 W

€2 viu viw

Prr = SzuZV—I- 53uv2 + s5uzw+ SeUvVw + s7vzw+ sguw2 + sngv =0,

® pprissingularats, =ss=0[u:v:w]=[1:0:0]. Inthe patchu=1,
prr = v+ ssw+ O(vw) =0,
¢ in the very vicinity of [u: v: w] = [1: 0 : 0] one has
SV 4+ ssw=0,

very reminiscent of the conifold equation.
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Toric hypersurfaces and conifold transitions in 6D

® Considering the deformed conifold,
SV 4+ sswH s =0,
one sees that this is consistent with the global fiber equation for pg,

3 2
Prs = iU + UV + sguv2 + s5u2w + ssuvw + s7v2w + sguw2 + sngv =0,
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Toric hypersurfaces and conifold transitions in 6D

® On the field theory side one can show that hypermultiplet spectra before and after
higgsing matches (for arbitrary base!).

® Moduli mismatch compensated by the neutral fields coming from the Higgs
multiplet.

A concrete example with base P*

® Choosing the base fixes the allowed divisor classes of S; and Se.

87 = n7HB, 89 = ngHB, K]pz = —3HB,
ng
o 1 2 3 4 s s
o @ @ ® ®
© © © o e Toric Higgsing X7, — X, allowed ©
e ©@ ® @ © ® Allo for X, with toric O
149,10 Higgsing not possible
n;sr @ @® ® ® ® ® * Xp, =Xp,
® ©¢ @€ © ® O
s ® @€ @ O O
* o () ()
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Four dimensional models

® Fix a complex three dimensional base B = IP°.
87 = T’!7I‘IB7 89 = ngff)};7 KB = —4]‘137

® To construct the (chirality inducing) G, flux we have to work out H‘(,Z’Z) (Xr,).

® G, is subjected to a quantization condition and must allow for a positive (integer)
tadpole cancelling number of D3 branes

Witten’96, Sethi, Vafa, Witten’96, Gukov, Vafa, Witten’99

(X 1
G4+MEH4(X,Z), X( )— G4/\G4:nD3€N.
2 24 2 Jx
® There are also constraints on certain CS terms © 43 = fx Gy AN Dg A Dg
Marsano, Schifer-Nameki’11, Grimm, Hayashi’12, Cveti¢, Grimm, Klevers’12
..we do not have an integral basis to check flux quantization. Instead we demand
Oyp € Z/Z.
Intrilligator, Jockers, Mayr, Morrison, Plesser’12
® The chiralities: x(R) = n(R) — n(R) = [, Gi.
R
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The vectorlike sector

® G, suffices for the computation of the chiralities, but further gauge data
needed to deduce massless vectorlike pairs, in particular the M-th C; form.
— Deligne cohomology and Chow grops.

Krause, Mayrhofer, Weigand’12; Bies, Mayrhofer,Pehle, Weigand’14

— Cheeger Simons cohomology.

Intrilligator, Jockers, Mayr, Morrison, Plesser’12

® in agreement with the type IIB intuition, where massless fields get
counted by cohomology groups

n(R) = hO(CR, LrR® KCR) , n(ﬁ) =H (CR, LrR® KCR)

n(R) — n(R) = /C o (Lx)

— one must relate the line bundle Lg over Cr to the expression for G4 flux.
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The vectorlike sector

Back to the transition X5, — Xg,
In Xg:

G4 = a3HB&(51) + a4HBﬁ(sz) + a5HB&(S3) + (16(53 — (4 — T’l7l’l9)H§) N

Representation Chirality

11,10 —(4+n7 —ng)(—8 + ny)(as + ay)
10,10 —(=8+n7)(—8 + ng)ay
11 n7(4 4+ ny — ng)(2az + as + as — nyag)
10,1 (=8 + n7)(—4 +ny — ny)(as + as)

1 9-1.-2) neng(—2az — ay — 2a5 — (4 — ny — ng)ag)
a2 —(=4+n7 — ng)ng(az + as + 2a5 — nyag)
1a1,0,0) (—2n2 — 8(—8 + ng) + 2n7(4 + ng))az + n7(—4 + ny — ng)ngag
10,01 2(32 + ng(—4 + ng) + dng — nd)as + nyng(—4 — ny + ng)as,
Lo (—2n7(—4 + ng) + 8(4 + ng))as + (32 + 8nz + 8ng — 2nzng)as

’ +n7ng(—20 + ng + ng)ag
—2(—32 + n? — dng + nZ — n7(4 4 ng))(as + as)
Lo +(64 + 8n7 — 2n2 + 8ng + 2nyng — 2n2)as
+(—20n7n9 + n2ng + nyn)ag
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The vectorlike sector

Back to the transition X5, — Xg,
In Xg:

Cvetic, Grassi, Klevers, Piragua’13

G4 = A3HB&(81) =+ A4HB(3'(32) + A5(S§ — (4 — 4n9 + n7Ng — nS)Hé)

Representation Chirality

14,-1) —n7(4+n7 —ng)(Az — Ay)

11,0 (2n2 — (12 — n9)(8 — ng) — n7(16 + ng)) A3 + nrng(4 — n7 + ng) As
11,9 ng(4 —n7 — ng)(As + 244 + As(n7 — 2ng)
- (n2 + n7(ng — 20) +2(12 — ng)(4 + ng)) (A3 + Ay)

’ —2n9(4 — n7 + ng)(12 — ng) As
10,2) nrng(—2A4 + (4 — n7 + ng)As)
10,1 —(n7(8 = n7) + (12 — ny)(4 — ng)) Aa + ng(4 — n7 + ng) (12 — ng) As
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The vectorlike sector

® extra base section s; provides extra complex structure moduli, in addition
to those in Xj,

X(Xg) = x(Xp,) + Ax
Ax = 6(ARY — AR + AR Ax =6(—1+ AR
but Ax = 3x(Cr) = —3(2 — 2gc,), AW = gy,
e from the D3 tadpole cancelation (say, for GX = 0), one sees that
_ X(XF7) _ X(XFs) ﬂ 1/ / /
M= T T aa T\ 2 GG

Intrilligator, Jockers, Mayr, Morrison, Plesser, Mayrhofer, Palti, Lin, Weigand, Till....
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The vectorlike sector

® Fluxes of the form G} induce potentials for some of the new g¢, moduli
fields.

e this is consistent with a factorization
s = s;"sl_
with s, s, sections of Lr ® /K¢, and L @ /K.
® unrestricted moduli

hO(CR,ﬁR & \/KCR) + hl(CR,ﬁR & \/KCR) — 1< gex

® in a supersymmetric Higgsing we expect

n(R) + n(R) —1

neutral singlets
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The vectorlike sector

The simplest case: No flux in Xg,
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The vectorlike sector

e Next one must find the line bundles Lr over the matter curves.
— For U(1) type fluxes Gy, = ao(S;) - Hp, ¢;(Lr) = aqr Hp

® What about the other type of fluxes Gy = b(S; + (...)Hz)?
— Use the ansatz ¢;(Lr) = b sg Hg, with the coeff. sg analogous to the

U(1) charge.
®) = [ acn = [ acopo

B

from this we can deduce sg.

® then we can proceed with computation of cohomology groups with
CohomCalg.

Blumenhagen, Jurke, Rahn, Roschy’10
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The vectorlike sector

u® see M. Cvetic’s talk
“'J'MJ e Gauge group: SU(4) x SU(2)2/Z2

® Flux:

G4 = —dag |:Sg =+ HB . (450 =+ (121’19 — N7Ng — Ylg)HB — %HQDTUQ)I

+1(n7 + ny — 12)(30;"Y + 203" + D§”(‘”))] .

Full Massless spectrum for n; = ng = 4, as = 2

Representation Locus SR n(R) n(R) x(R)
(1,2,2) 51 =85 =0 0 10 10 0
(4,2,1) su=35 =0 | —[s3] Hi/a=—1 4 20 -16
(4,1,2) 53 =359 =0 [s1] cot H3 /4 = 1 20 4 16
(6,1,1) S =9 =0 0 10 10 0
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Conclusions and prospects

e __steps towards obtaining the vectorlike spectrum in toric hypersurface
fibrations...

e Fully fledged understanding of the Higgsing network...

o extensions to the case of non complete intersections?
o transitions with non-toric matter?

e _look back at three family MSSM-like models with three families in order
to identify the Higgs sector, vectorlike triplets etc...
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