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Motivation |

F-theory on elliptically fibered K3 dual to Heterotic on T2 [vafa; Vafa,Morrison '96]
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Motivation |

F-theory on elliptically fibered K3 dual to Heterotic on T2 [vafa; Vafa,Morrison '96]

map known at every point in moduli space in few cases, e.g.(2 moduli):

K3 v 2=x3+autvixz* + (bu®v® + d udv + u'vP) 2°

X,¥,z,and u, v: homogeneous coordinates of the fiber ambient variety P> 3 1, and the base P!

singularities: 11" (Eg) at v =10, II" (Eg) at u=0
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Motivation |

F-theory on elliptically fibered K3 dual to Heterotic on T2 [vafa; Vafa,Morrison '96]
map known at every point in moduli space in few cases, e.g.(2 moduli):

K3 v 2=x3+autvixz* + (bu®v® + d udv + u'vP) 2°

X,¥,z,and u, v: homogeneous coordinates of the fiber ambient variety P> 3 1, and the base P!
singularities: 11" (Eg) at v =10, II" (Eg) at u=0

Wilson lines

Heterotic 7= w, p=Bu+ivdetG, ay=a =0ie noWL
11

group Eg x Eg x U(1)?, U(1)? can enhance, e.g. to SU(3) at 7 = p = e™/3
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Motivation |

F-theory on elliptically fibered K3 dual to Heterotic on T2 [vafa; Vafa,Morrison '96]
map known at every point in moduli space in few cases, e.g.(2 moduli):

K3 v 2=x3+autvixz* + (bu®v® + d udv + u'vP) 2°

X,¥,z,and u, v: homogeneous coordinates of the fiber ambient variety P> 3 1, and the base P!

singularities: 11" (Eg) at v =10, II" (Eg) at u=0

. Wilson lines
Heterotic 7= w, p=Bi+iVdetG, a;=a =0ie noWL
11

group Eg x Eg x U(1)?, U(1)? can enhance, e.g. to SU(3) at 7 = p = e™/3

(7, p) <+ (a, b, d) via SL(2,Z) modular invariant j  [Cardoso, Curio, Liist, Mohaupt '96]

3 2
J(m)ilp) = —172822';7 , (i(1)-1728)(j(p)-1728) = 17282% mirror map
[Lerche, Stieberger '99]

T=p=e"P=j(r)=j(p)=0=>a=0b=42,d=1
= extra K3 singularity at u = Fv, type IV (SU(3))
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Motivation Il

without WL, also heterotic with gauge group Spin(32)/Z, x U(1)?
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Motivation Il
without WL, also heterotic with gauge group Spin(32)/Z, x U(1)?

second K3 fibration  y? = x>+ v(u® +auv?+ bv3)x222 + dv8x z*
singularities: 1i, (SO(32)) at v=0

HE and HO K3's are birationally equivalent [mcorist, Morrison, Sethi '10]
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Motivation Il

without WL, also heterotic with gauge group Spin(32)/Z, x U(1)?
second K3 fibration  y? = x>+ v(u® +auv?+ bv3)x222 + dv8x z*
singularities: 17, (SO(32)) at v=10

HE and HO K3's are birationally equivalent [mcorist, Morrison, Sethi '10]

two fibrations of same 3d reflexive polyhedron [candelas, Skarke '97]

Spin(32)/Z2

taken from Candelas, Constantin, Damian, Larfors, Morales (CCDLM) '14
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Motivation 111

Kreuzer-Skarke list: 9 K3's with 2 moduli, each with several fibrations, e.g.

l! l! from CCDLM '14

SO(8) x SU(12) x U(1)/Z2 SO(14) x Bz x U(1)?

SU(9) x SO(14) x U(1) Es x Es x SU(3) x SU(3)/Zs
EsxEsxZs

CCDLM found mirror map in 3 of the 9 K3's

heterotic duals 7 matching of enhancement patterns ?
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Motivation IV

more moduli 7 24 K3's with 3 moduli in Kreuzer-Skarke catalog, e.g.

&

E3><E7

SU(2) x Spin(28)/Z>

map to heterotic in terms of Siegel modular forms  [Maimendier, Morrison '14]

heterotic duals ? matching of enhancement paterns ?
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Motivation V

less moduli 7 2 K3's with 1 modulus in Kreuzer-Skarke list, e.g.

Xf—i‘Xg ‘|‘X:§S +X3 — Cp X1 X2 X3 X4 = 0

E; x S0(20)/Z SU(18)/Zs Es x Eg x SU(2)

known mirror map [Lian, Yau '94]

heterotic duals ? matching of enhancement paterns ?
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Outline

e Motivation v
@ Review of moduli spaces

o Heterotic on T2
e F-theory on K3

@ Examples

o 3 moduli
o 2 moduli
o 1 modulus

@ Final remarks
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Review of moduli spaces
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Heterotic on 72

massless states arrange in 8d, A’ = 1 multiplets: gravity and gauge

gauge group has rank 18, not including graviphotons
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Heterotic on 72

massless states arrange in 8d, A’ = 1 multiplets: gravity and gauge

gauge group has rank 18, not including graviphotons &
moduli: bkgd of metric and B field {Gi1, Gi2, Gz, B1o} GL) e

j=eie
2 Wilson lines af, k =1,..,16, (A;) = alHk in Cartan
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Heterotic on T2
massless states arrange in 8d, A’ = 1 multiplets: gravity and gauge

gauge group has rank 18, not including graviphotons

€2
moduli: bkgd of metric and B field {Gi1, Gi2, Gz, B1o} L) e

. . Gj=eig
2 Wilson lines af, k =1,..,16, (A;) = alHk in Cartan

Narain moduli space: O(18,2,Z)\0(18,2,R)/0(18,R) x O(2,R)

T-duality group

0(18,2,7Z) generators: shift of By, by integer, change of {ey, e} basis,
factorized dualities (exchange of winding and momenta in one direction)

traslation of a; by vector @ in even, self-dual lattice 14

10/36



Heterotic on T2
massless states arrange in 8d, A’ = 1 multiplets: gravity and gauge

gauge group has rank 18, not including graviphotons

€2
moduli: bkgd of metric and B field {Gi1, Gi2, Gz, B1o} L) e

. . Gj=eig
2 Wilson lines af, k =1,..,16, (A;) = alHk in Cartan

Narain moduli space: O(18,2,Z)\0(18,2,R)/0(18,R) x O(2,R)

T-duality group

0(18,2,7Z) generators: shift of By, by integer, change of {ey, e} basis,
factorized dualities (exchange of winding and momenta in one direction)

traslation of a; by vector @ in even, self-dual lattice 14

ex. for no WL, T-duality group O(2,2,Z) ~ SL(2,Z) x SL(2,Z) X Zy X Z,
acting on (7, p)
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Heterotic on T2, complex moduli [Kiritsis, Obers '97]

T:G12+G/— VARG st @ p= Bt VARG 4 la-C
11

complex structure Wilson lines Kahler
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Heterotic on T2, complex moduli [Kiritsis, Obers '97]

G ivdet G
T:H'FGlie’ C:alq-—az, p:Blg+i\/detG+%31~C
11

complex structure Wilson lines Kahler

selected elements of O(18,2,7Z) acting on (7, p, ()

r 1 ’_ %C2 ;¢ ’ 1 ; ’
T__?v p_p_Tv C_?7 T_T+7 P =P C_C
=1 p=p+CQ+3Q@ ((=C+Qr T=-F p=-p (=(
=it M= (=oe T=e =T (=
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Heterotic on T2, complex moduli [Kiritsis, Obers '97]

G ivdet G
T:H'Féie’ C:alq-—az, p:Blg—i-i\/detG‘i‘%al'C
11

complex structure Wilson lines Kahler

selected elements of O(18,2,7Z) acting on (7, p, ()

r 1 ’_ %C2 ;¢ ’ 1 ; ’
T__?v p_p_Tv C_?a T_T+7 P =P C_C
=T ) =p+CQ4 Q% (=C+Qr, T=-7 p=-p (=¢
=it M= (=oe T=e =T (=

Narain lattice vectors (P, pr; pr)
1

2
2|pam — 333

Pr |my = 7my + pn' + (pr = 3¢3)0* + ¢ - qf?
2 2 2 2 i B : PR,
P- + P —Pr=4q + 2n'm; mj: quantized momenta, n': winding, g € N5

massless states have pr = 0, gauge enhancement when P? 4 p? =2
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Heterotic on T2, the O(3,2,Z) case
choose WLs that break an SU(2)
aj = ()\,'7)\,'707 70) = (= (57ﬂ,0, ...,0)7 ﬂ =M7T— X2
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Heterotic on T2, the O(3,2,Z) case
choose WLs that break an SU(2)

ai:()\i7)\i707"'70) : C:(57ﬁ707"'70)7

0(3,2,7Z) acts on (7, p, B), generators { A1, B1,T, Z1, 25}

B=MT— X

{A1,B1,T, 21} generate Sp(4,7Z)

{A1,B1,T, A>,B>}: Dehn twists

gen. T’ o’ B’
Ay T+1 P B
i B B

B 1—7 p+177' 1—7

r T4+1 p+1 B—1
Z P T B
Z; -7 -p B
Az T p+1 B

2
5 T 1 fi P 1 ji P 1 ff J)
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Heterotic on T2, the O(3,2,Z) case
choose WLs that break an SU(2)

ai:()\i7)\i707"'70) i C:(57ﬁ707"'70)7

0(3,2,7Z) acts on (7, p, B), generators { A1, B1,T, Z1, 25}

B=MT— X

{A1,B1,T, Z1} generate Sp(4,7) gen. T' o’ s’
) A T+1 P B
{A1,B1,T, As, B>}: Dehn twists - = 7 3
B1 p+
1—7 1—7 1—7
r T+1 p+1 B -1
Z P T B
2 ~7 -p B
(7, p, B) are moduli of genus-two surface Az T ptl B
B p B
By T+
1—0p 1—p 1—0p

c D

Q:(; 5), (A B)esp(4,2), Q — (AQ + B)(CQ + D)

period matrix
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F-theory on K3
elliptically fibered K3: y2 = x> + f(u,v) x z* + g(u, v) 2°

f, g polynomials (sections) of degree 8 and 12 in (u, v) € base P!
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F-theory on K3

elliptically fibered K3:  y2 = x>+ f(u,v) x z* + g(u, v) 2°

f, g polynomials (sections) of degree 8 and 12 in (u, v) € base P!
coefficients in f, g are complex structure moduli of K3

complex degrees of freedom= 9 + 13 - 4 =18

same number as heterotic moduli (7, p, ()
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F-theory on K3

elliptically fibered K3: y2 = x> + f(u,v) x z* + g(u, v) 2°

f, g polynomials (sections) of degree 8 and 12 in (u, v) € base P!
coefficients in f, g are complex structure moduli of K3

complex degrees of freedom= 9 + 13 - 4 =18

same number as heterotic moduli (7, p, ()

moduli space: Mz, = O(Fp2)\O(n,2,R)/O(n,R) x O(2,R)

moduli space of algebraic K3 with Picard number (20 — n) [Aspinwall '96]

[Braun, Fucito, Morales '13]

O(T»2): group of isometries of sublattice of H?(K3,7) orthogonal to Picard lattice

O(Tp2) ~ O(n,2,Z), Mxsn~ Mhpet.n, n: number of complex moduli
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F-theory on K3, gauge group

elliptically fibered K3:  y? = x3 + f(u,v) xz* + g(u, v) 2°

=D

7-branes located where fiber degenerates
singularity type =- gauge group in 7-brane
depends on vanishing deg u(f), u(g), u(A)
A = 4f% 2787

=

elliphic

ey
£ibeg

[ u() T wlg) T #(A) T type [ singularity

>0 >0 0 Ip —
0 0 n I, A, 1
>1 1 2 11 cusp
1 > 2 3 111 Aq
>2 2 4 v Ay
>2 >3 6 15 Dy
2 3 n+6 I Dgyn
>3 4 8 V™ Eg
3 >5 9 TIT E7
>4 5 10 1" Eg

Kodaira Classification
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Examples
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3 moduli
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3 moduli example, the F-theory story
HE: y?2 =3+ (au*v* + cuPv®) xz* + (budvO + d ubv7 + u"vP) 20

singularities: 11" (Eg) at v =0, III" (E7) at u =0 — II* for c=0 = no WL

HO: y2 =3+ v(tP +auv? + bv3) 222 +vi(cu+dv)x2*

singularities: I, (SU(2)) at cu+ dv=0, Ij; (50(28)) at v =0 — I}, for c =0

HE and HO K3'’s are birationally equivalent
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3 moduli example, the F-theory story
HE: y?2 =3+ (au*v* + cuPv®) xz* + (budvO + d ubv7 + u"vP) 20

singularities: 11" (Eg) at v =0, III" (E7) at u =0 — II* for c=0 = no WL

HO: 2 =x3+ (P +auv?+bv3) x> 2+ vi(cu+dv)xz*

singularities: I, (SU(2)) at cu+ dv=0, Ij; (50(28)) at v =0 — I}, for c =0

HE and HO K3'’s are birationally equivalent

two fibrations of same 3d reflexive polyhedron

/ A
A =
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3 moduli example, the heterotic story

- G2 + ivdet G

C , p=Bu+ivVdetG+ B, B=MT—X2 5 =(\,2,0,...,0)
11
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3 moduli example, the heterotic story

- G2 + ivdet G

C , p=Bu+ivVdetG+ B, B=MT—X2 5 =(\,2,0,...,0)
11

Es x E7 x U(1)xU(1)2 HE

eneric gauge group:
generic gauge group 50(28) x SU(2) x U(1)xU(1)?> HO
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3 moduli example, the heterotic story

- Gio + ivVdet G

C , p=Bu+ivVdetG+ B, B=MT— X ai= (A, A\, 0,...,0)
11

Eg x Ez x U(1)xU(1)*> HE

generic gauge group: 50(28) x SU(2) x U(1)xU(1)> HO

for B # 0, U(1)® can enhance to

a) SUQR)x U1} 71=p

b) SuU@’xUQl) T=pB=-3

c) SUB)xU@) T=pB=3(-1)

d) SUBR)xSUQR) T=p=28=2D =

e) SuU(4) T=p=L2AV2 g SLiVZ
2L L L£2iV2 Z14iV2

Qq = <{§ \2//§> , Qe = (—1-’?:\/5 @ > fixed pts of Sp(4,7Z) subgroups

Vi ov3 3 [Gottschling '61]
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3 moduli example, the map

heterotic (7'7 P B) < K3 (a, b, C, d) [Kumar '07, Clingher, Doran '10; Malmendier, Morrison '14]
3:—%1//4(9) , b= —ﬁ%(Q) , c=—4x10(Q), d=x12(R), o~ < P )

P

e, e, x10, x12: Sp(4,7Z) Siegel modular forms of weight 4,6,10,12 resp.
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3 moduli example, the map
heterotic (7'7 P 6) +— K3 (a, b, C, d) [Kumar '07, Clingher, Doran '10; Malmendier, Morrison '14]
32—%1#4(9), b:—ﬁlﬂf}ﬁ(Q)’ c=—4x10(), d=x12(Q), o~ < 5 ; >
e, e, x10, x12: Sp(4,7Z) Siegel modular forms of weight 4,6,10,12 resp.
when 5 =0 (¢ = 0) map reduces to
3 b2

2

J(mip) = —172822377 (i(7) — 1728)(j(p) — 1728) = 1728%

let's check enhancing at fixed points of Sp(4,7) !
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3 moduli example, the map

heterotic (7'7 P B) < K3 (a, b, C, d) [Kumar '07, Clingher, Doran '10; Malmendier, Morrison '14]
a=—254(Q), b=—ggz¥s(Q), c=—4x10(Q), d=x12(Q), 2= (] )
e, e, x10, x12: Sp(4,7Z) Siegel modular forms of weight 4,6,10,12 resp.

when 5 =0 (¢ = 0) map reduces to
b2
2

3
J()i(p) = —172822‘;7 L U() ~ 1728)(j(p) — 1728) = 17287 -

let's check enhancing at fixed points of Sp(4,7) !
modular forms have Fourier expansions, F(Q) = > A(n, r, m)e*™"" e*"m* ¢?™""

evaluated numerically via sage package degree2 [Takemori '14]

h3 b2 b2, . . .
Ya Yo Wi¥exwo 4o integers at fixed points
X127 X12 X12

found that Igusa invariants

5

N.B. Q4 and Q. are period matrices of genus-two y? = x6 — 1 and y2 = x° — x, resp.
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3 moduli example, enhancing in K3 side

focus on HE, work in patch v =1

Axs = const. u® [4(au + ¢)® + 27u(uv? + bu + d)?] = u°As
enhancing when Ag develops multiple roots, depends on

a=—%14(Q), b=—5516(Q), c=—4x10(Q), d=x12(Q),
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3 moduli example, enhancing in K3 side

focus on HE, work in patch v =1

Axs = const. u® [4(au + ¢)® + 27u(uv? + bu + d)?] = u°As
enhancing when Ag develops multiple roots, depends on
a=—2504(Q), b=—5516(Q), c=—4x10(Q), d=x12(Q),

20 i
in heterotic observed SU(3) x SU(2) at Qq4 = <‘{§ ‘?) ;
Vi V3

inserting values of a, b, ¢, d checked that As has 1 triple and 1 double root
proven analytically using that lgusa invariants are integers

I3 and I, singularities match heterotic SU(3) x SU(2)

20/36



3 moduli example, enhancing in K3 side

focus on HE, work in patch v =1

Axs = const. u® [4(au + ¢)® + 27u(uv? + bu + d)?] = u°As
enhancing when Ag develops multiple roots, depends on
a=—2504(Q), b=—5516(Q), c=—4x10(Q), d=x12(Q),

20 i
in heterotic observed SU(3) x SU(2) at Qq4 = <‘{§ ‘?) ;
Vi V3

inserting values of a, b, ¢, d checked that As has 1 triple and 1 double root
proven analytically using that lgusa invariants are integers

I3 and I, singularities match heterotic SU(3) x SU(2)

142ivV2  —1+iV2
— 3 3 H H
atQe=|( _ % - . 5 | Ashasaroot of order 4 = I4 singularity
3 3

agrees with SU(4) observed in heterotic

analogous findings in HO 2036



2 moduli

21/36



2 moduli examples, the F-theory story # 3
a 213223 + o 213243 +c z§’z§‘ + ¢ zng‘ + cszg — 2120232425 = 0

3 C1¢4Cs Ui C2C3Cs5
moduli: = = T = 3
27 S 27 S

4

SO(14) x E7 x U(1)2

4

Es x Es x SU(3) x SU(3)/Zs

five fibration structures [ccoim '14]

S0(8) x SU(12) x U(1)/Z2

SU(9) x SO(14) x U(1)

EsxEsx Zs
22/36



2 moduli examples, the F-theory story # 2

12 6_6 12 3 2
azi"+ozizy+z3"+cazs +szp — coz1z02322 =0

2 2

. Cc1CG3 C2Cy G

moduli: § = —-, n= 5 >
=) )

two fibration structures [ccoim '14]

Spin(32)/Z2

CCDLM and CCLM maps equivalent

23/36



2 moduli examples, the F-theory story # 1

3.3 3,3 3.3 2.2_2 2.2_2
C1212Z + 2323 + C32Z525 + Ca 252425 + C5 21 2325 — Co 2122023242526 = 0

& C1C2C3 1 s
moduli: = =22 =72
27 S 4 e

five fibration structures [ccpLm '14]

SU(9) x SU©)1Zs SO(10) x SU(12) x U(1)/Z2

SO(14) x U(1) x Es x SU(3)

ErxE7x U122

EsxEsxZs

24/36



2 moduli example # 1, the mirror map (ccom 14
p=a 213223 =+ czzng =+ C3z532§ =+ C4222242262 + (:5212232252 — C0 212223242526

discriminant locus: D = (¢ — 1 —3n)*> —n(n+3)*> =0, % = C12§C3, Z = C4C§C5

25/36



2 moduli example # 1, the mirror map (ccom 14
p=a 213223 + czzng + C3z53263 + C4z222f262 + C5212232252 — C0 212223242526

discriminant locus: D = (¢ — 1 —3n)*> —n(n+3)*> =0, % = C12§C3, Z = C4Cgc5

instead of (£, 1), work with ratios of periods of holomorphic 2-form

w1 w2 . . .
0 = —, R p— wo; satisfy Picard-Fuchs equations
wo wo

monodromy around (£,7) = (0,0) = 7 — 70 41

monodromy around D =0 = 0 & 7@
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2 moduli example # 1, the mirror map (ccom 14
p=a 213223 + czzng + C3z532§ + C4z222f262 + C5212232252 — C0 212223242526

discriminant locus: D = (§ -1 — 377)2 —n(n+ 3)2 =0, % = C12§C3,
0

instead of (£, 1), work with ratios of periods of holomorphic 2-form

M = @7 7@ = =2 w; satisfy Picard-Fuchs equations
wo wo
monodromy around (£,7) = (0,0) = 7 — 70 41

monodromy around D =0 = 0 & 7@

mirror map given in terms of invariants j; = j(7!)) and j» = j(r?)

h=pe(1-g-n-vD)' h=28(1-¢-n+VD)

for instance

25/36



2 moduli example # 1, fibration structures

via sage.geometry.polyhedron.ppl_lattice_polytope  [V.Braun '12]

SU(9) x SU(9)/Z3 50(10) x SU(12) x U(1)/Zp Er x B x U(1)?

Vi

N
T -

50(14) x U(1) x Es x SU(3)

Eg x Eg X 73

26/36



2 moduli example # 1, fibration with fiber Fy4
defining equation
ax?y’z1z; + oxt® + c3yz322 22 + 2?1?22

-i-c,r,x2y2zl2 — coxyztzizo =0

base coordinates zj, zo = affine nodes of extended Dynkin diagram

[Candelas, AF '96; Bouchard, Skarke '03; Grassi, Perduca '13]

SO(14) x U(1) x Es x SU(3)

27/36



2 moduli example # 1, fibration with fiber Fy4

defining equation

ax?y?zizy + oxt® + cyz3 2} 23 + cz’ 1?22

+C5x2y2212 — coxyztzizo =0

base coordinates z;, z2 = affine nodes of extended Dynkin diagram

[Candelas, AF '96; Bouchard, Skarke '03; Grassi, Perduca '13]

SO(14) x U(1) x Es x SU(3)

WeierstraB form
1
f=— razfzg(zfzgcg - 2421222605162C3 — Szlzgcgclq + 1622351255 — 24213605253C5 — Szlzzzcgc,;cs

+32z; 222 c C§C5 + 162%22 cf cg) s
1

3_4 326 323 32222 2.3 4 2_3 2 3233
= — @21 2y (=21 25¢cy + 362725 ccr1cacy — 21627 25 ¢ ¢y ey + 1227 2y cgcyca — 14427 25 cocy caczcy + 642y 25 ¢ cp
— 482123 cg 512 cf + 6423 cf c} + 362{‘22 c03 CrC3C5 — 4322{‘22 c1 (:22 c§c5 + 12213222 cgc,;cs — 288213222 CpC1CaC3€CACy

232 2 4 23 5222 4 2 32222 2.3 32
— 9627 zycyercics + 192212y ¢y i 5 — 21627 ¢5 c3c5 — 144z zocpcpczeqcy — 4827 25 gy cs + 1922725 ¢1.¢) c5) s
1
22938 3,3 3 3 22 2.2 4 2 2 32 2
A= _ECB 7212y (z2¢1 + z165) (21 Z2Cg ca€3 — 27Z7 ZpC1Ch €5 + 21 2y Gy e — 3627 25 cpcrcac3cy — 82125 ¢5C1¢)

+ lfiz;'cl2 c‘? - 272{1c22 c32 s — 36213226062 c3¢4C5 — 823222 cg Cfo:, + 32z 223c1 cf cs + 16212222 52 cg) .

generic group SO(14) x Eg x SU(3)x U(1)x U(1)?

enhances at points (§,7) where A develops additional multiple roots
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2 moduli example # 1, enhancement patterns

generic group  SO(14) x Eg x SU(3)x U(1)x U(1)? ‘
at D =0 U(1)? enhances generically to SU(2) x U(1) "

discriminant locus: D = (£ — 1 — 3n)? — n(n + 3)? fiber Fig

£  aca n_ ac

21 @ 4
at special points SU(3) x U(1)? enhances to

SU(5) (&,m) = (27,4), A 2 VT

SU@) x SUR) (€)= (2.
SUG) x SUR?  (6m) = (-8,-3), )=
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2 moduli example # 1, enhancement patterns

generic group E; x EzxU(1)*xU(1)?

at D =0 U(1)? enhances generically to SU(2) x U(1)

at special points U(1)* enhances to

SuM@4) x u@) T
SU(3) x U(1)?
SU(2)® x U(1)
SU(2)* x U(1)?

@ 14iV7
2
1) _ 7_(2) _ 1+Iﬁ

3

B

(
(
(
(

1)—7'(2)—1 7,

3

to do: match in heterotic, i.e. find slice of heterotic moduli space (7, p, ()

where same enhancement pattern occurs

fiber Fs
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1 modulus
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1 modulus example # 1, the F-theory story

4
Xt 4+ x5+ x5 +xf —coxixoxsxa =0, singularat £ =0,1,00, £ = a
0
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1 modulus example # 1, the F-theory story

4

Xt 4+ x5+ x5 +xf —coxixoxsxa =0, singularat £ =0,1,00, £ = a
0

. . w1 +
ratio of periods t = — transforms under '] (2)
wo
1
eg. t— ot under monodromy around £ =1 [Nagura, Sugiyama '93]
4 . .
mirror map: — = %(e*™") modular invariant of [ (2), F=0t=1
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1 modulus example # 1, the F-theory story

4

Xt 4+ x5+ x5 +xf —coxixoxsxa =0, singularat £ =0,1,00, £ = a
0

. . w1 +
ratio of periods t = — transforms under '] (2)
wo
1
eg. t— ot under monodromy around £ =1 [Nagura, Sugiyama '93]
4 . .
mirror map: — = %(e*™") modular invariant of [ (2), F=0t=1

£

4 fibration structures

N o B

£ x SU(12)/Z Es x Eg x U(1) Er x By x SU(4)/ 2
50(16) x SO(16) x U(1)/Zs
enhancement at £ = 1,t = \#6 to do: relate heterotic (7, p, () to t
also at £ — oo, t = % e.g. in lc (7,p,¢) = (t,2t,0)
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1 modulus example # 2, the F-theory story

. 123

xS+ X +x2 —coxixaxsxa =0, singularat £ =0,1,00, £ = —
e
0
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1 modulus example # 2, the F-theory story

. 123

xS+ X +x2 —coxixaxsxa =0, singularat £ =0,1,00, £ = —
e
0

ratio of periods t = D1 transforms under SL(2,Z)
wo

3
mirror map: 127 = j(e*™) modular invariant of SL(2,7), Jj=0,t =5

3
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1 modulus example # 2, the F-theory story

. 123

xS+ X +x2 —coxixaxsxa =0, singularat £ =0,1,00, £ = —
e
0

ratio of periods t = D1 transforms under SL(2,Z)
wo

. 122 L S ;
mirror map: a = j(e*™) modular invariant of SL(2,7), j=0,t= l‘gﬁ
3 fibration structures [Kimura, Mizoguchi '17]

N N\ 3
b

X “»

E; x SO(20)/Z SU(18)/23 Eg x Eg x SU(2)

enhancement at £ =1,t =1,

also at £ — oo, t = 1*; map to heterotic T ~ t,p =7, = a1T

S
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Final remarks
o studied aspects of F-theory and heterotic in 8d

e considered K3's with n = 1,2, 3 moduli (Picard number 19, 18, 17)

more n = 3 examples in [Chabrol '19]
e matched enhancing patterns via ‘mirror map’, in some examples

e to do:

o complete analysis of enhancement and matching
o explore examples with rank reduction (CHL) [Bouchard, Skarke '03]

o ...
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The 16 reflexive polygons

D A

),
. A
B

//g:

o

4

Fio F

9

& B @
Lol

taken from Braun, Grimm, Keitel '13

>

V,:a
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Fiber polygon Toric sections _ Relations MW
Py (L)~ fo 0
Fy ZaZ
Fg zZ

o1 =03 +oy
P ZOEOE
a5 tay
Fy z
Fy o1 =02ty Zal
Fio 0
Fy a1 =20, 7
ot
Fiy LTt ZaZ
ai=oitoy
Fa 201 =0 Zy
o1 = 2o
Fu e z
o= ta
205 =10
Ry Z@oZ
o= ta
-}
Fe iy
3 = 2ay

Table 2:

taken from Braun, Grimm, Keitel '13

Toric sections corresponding to the veflerive polytopes and the toric
subgroup of the Mordell-Weil group generated by them,
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