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Introduction and motivation

® In contrast to SU(5) F-theory GUTs, other MSSM-like realisations in F-th.
DO exhibit a weak coupling limit without significant obstructions.

Lin, Weigand’14’16; Cvetic, Klevers, DM, Oehlmann, Reuter’15;...

e _.we want to explore the weak coupling limit of F-th U(1) models with
different singlet spectra:

o qg=1,2

Morrison, Park’12;...

o qup to 3: non-UFD fibers

Klevers, DM, Oehlmann, Piragua, Reuter’14; Klevers, Taylor’16; Morrison, Park’16; Raghuram’17

o g = 4: UnHiggsing a U(1) x U(1) model

Cvetic, Klevers, Piragua, Taylor’15; Raghuram’17
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F-theory in the perturbative type IIB limit

Sen’96
Starting with the Weierstrass form
V=2 fud g2
make the coord. change s = x — b,2z%/3. Then the WSF reads
y2 =+ bys?2% + 2byszt + b2’
with
b4=f+%§, bﬁzg—%b§+§b2b4.
setting the scalings by — by, by — €by, by — €2 b;.
® For € = 0 the fiber degenerates globally. Better study a resolved case
y2 =N+ stzzz + 2134tsz4 + i)t',tzz6

with s — s\, y — yXand € — tA
40f 14



F-theory in the perturbative type IIB limit

e AtA=1t=0
Xs: & =by;

with £ = y/sz. b, = 0 will be the invariant locus of o : £ — —¢ (orientifold
locus)

® |n the limit A — 0, the equation
Wg : y2 = Ezszz2 + 2274tsz4 + i)ﬁtzz6

defines a P fibration degenerating whenever:

® Discriminant loci permit to read out the gauge symmetries surviving the
weak coupling.
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Morrison-Park at weak coupling

Consider the the following WSF

Morrison, Park’14

c 1 2 b
Y =x+ <clc3b2(:032)x+00c§ 3clczc3+ 27 b cocz+—
Setting the variable x = x — %bz (in the patch z = 1),
b*c?
y2 =X+ X + (c103 — bzco) X+ coc§ — beye, + Tl ,
with the scalings
b— b, o — € ¢, o —€ele, o —€ee, s — ey

The weak discriminant reads,

cZ
AE—( —cbz) (41_0260) .

w/ the double cover CY £% = c,.
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Morrison-Park at weak coupling

In the CY, the discriminant splits as

2
!

© M=) (ared) (2 -e)

W ® Asingle brane Z at ¢; — {b = 0 and
/ its image Z at ¢; + £€b = 0, give rise
\ / to a U(1) symmetry.

/ ® A Whitney brane W at the
/ \ invariant locus

2
G 2

1 =0
4 )

® Two charged siglets: g =1at ZN'W, g=2at ZN Z.

e U(1) remains GS masslessas Z_ = Z — Z = 0

7 of 14



U(1) models with charge 3 singlets

u ud w’w wu

uww /vw

3 2 2 2 2 2 3 2 2 2 2 2
Pr, =S1uU €] + U ve) + ssuv e + syvoe] + Ssu wep + Ssuvwe; + SV wep + SsUW” + Sovw

The fiber pr, = 0 can be mapped to a WSF, with f(s;) and g(s;). The WCL can
be obtained in the regime

St €S, ss—>€e'ss, ss—>e'ss, s —es (i#1,5,8).
2

. . . . S,

CY Equation + Weak discriminant Xz : £&2 = 2 — %
1 2 2 2
AE = 7139 (7535637 —+ 5287 =+ 85389 —+ 84(86 — 48239))
2 2 2 2 2
X (385 + $2(—S58658 + S50 — 2515880) + 51(5655 — S58650 + $155)) -
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U(1) models with charge 3 singlets

°* We have~tw9 D7 branes X, Y and their ‘
images (X, Y) plus a Whitney brane W. Yo o ;Y

e Y_ = —2X_ implies that the orientifold /
odd axion coupling leaves a massless U(1) \ /
combination. w

Q=20x+ Q.

® We find a perfect match between vertical
fluxes in F-th. and gauge fluxes in type IIB. /
Chiralities march perfectly. '/

. [ xx [ x¥t [ wx [ W | xx [ yw |
e s [ taw [ 1o [ Too | Tan | Ton |
l F-theory [ - [ 13 [ 1_, [ 1 l
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Detour: Model with Z3 discrete symmetry

u® w  w?u w?
u
2 P 5 7 ,
w uv w7 vw? Z \ or / z
2
viw
v2u
v
V3 W \ /
_ 1 2, 2 2
Ap = 7; (—s33657 + 5257 + 5359 + s4(s; — 45259))
23, . 3 e . 2
X [—s7S; + s10(s155 — 5256 (55 + 3s159) + 55 (5658 + 25559)) / \
22 2 2 2
+ s9(sy55 + s2(—555658 + 559 — 2515859) + 51(s558 — 55650 + s155))] -

e U(1) divisor has an odd part Z_ = —3X_, hence it becomes GS massive.
® D1 instanton charges under the U(1) are 0 mod 3. The Z3; symmetry is
manifest in the instanton sector. Similar argument holds for D3’s.
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Detour: Model with Z3 discrete symmetry

® |deal for the discretely charged singlet in F-theory is generated for 50 non
transversally intersecting polynomials. That makes it hard to compute its
chirality.

e 75 model has two WC limits:
s — €'sy,  s5 > €'ss, Sy —>e'sg, S — €50,
and
S €S, S es, s els, s elsy,
chiralities can be computed in both WC limits.
X(Dr = X(Dw.c. + ©1SoKp(2Kp — S5) = x(1)y.c. + @:S7Kp(2Ks — S7)
® one obtains
X(Dr = A(S7 — 2850)(28; — So)(—3Kp + S + So) .
for Gy = & (3S03)(3S(3) + 3Kp — 287 — 285) — 252 + 55,8y — 25%)
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Charge 4 model

U(1) with g = 3, z coord. of the section

Klevers, Taylor’16; Morrison, Park’16

5 2 2
Z = $785 — S6S8S9 + S5 ,

is singular for s3 = sy = 0. Models with higher charges have a non UFD
structure.

Charge 4 model: Higgs a U(1) x U(1) with a vev field ¢ = (1, —1) to U(1).
Model also contains g = (2, 2), so one gets a charge 4 singlet.

Raghuram’16
Fiber Eq.
P = u(sit’ + ssuv+ 559" + ssuw+ ssvw 4 ssw’) + (@ v+ byw) (dov’ + dyvw+ dew’) = 0
WC limit,

S| —> €S;, Sp—>€Sy, S3—>e€s3, dy— €dy,
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Charge 4 model

CY threefold eq.

) Y o7 ; v
86 zZ \\ / VA
2 \ /
£ =by = —aydsss, \ /
4 \ /
\ /
\\ //
Weak discriminant \ /
\ //
1 WV
Ap=——aAyAs, 0
16 v
/ \\
/1N
all factors split. No invariant brane!

Two U(1)s become GS massive by

couplings to two orientifold odd F-th. U(1) charge:

0= 1(50x — Qv +302),

axions.

Loy | 10.2,0 1(0,0,2) 11,-1,0) 14,1,0 1(1,0,—1) 1,01 10,—1,—1) Lo,—1,1
XX YY zZ XY XY XZ XZ YZ YZ
- —1 3 3 2 1 4 —1 2
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Conclusions

All F-th U(1) models built so far generically have a perturbative IIB version.

Beyond charge 47

What are the brane distribution patterns in IIB that have a propper
F-theory uplift?

How does this extend to 6D? Restrictions on the number of odd axions
(odd divisors).
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What are the brane distribution patterns in IIB that have a propper
F-theory uplift?

How does this extend to 6D? Restrictions on the number of odd axions
(odd divisors).

Dzieki!
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