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» Duality: Heterotic spectral cover bundles < F-Theory
studied since the early days [Friedman, Morgan, Witten'97]

» Duals of heterotic with bundles that don’t have a

(useful) spectral cover description?

» Heterotic NS5 branes in Horava-Witten M-

heory =

tensionless strings from M2 branes between M5 or
\/|5—E8 bl’aﬂeS [Strominger 95][Ganor, Hanany 96; Bershadsky, Johansen 96]

4 RelatiOn O SCFTS [Heckman,Morrison,Vafa 13, ..., many talks here]

» How do the NS5/M5 branes in Het M-Theory map to

F-Theory?
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Het/M/F-Theory duality

« Stable degeneration
« Horizontal / vertical NS5 brane duals

F-Theory duals of line bundles with NS5 branes
e Anomalies
o Stability
 Matter

NS5 branes

 Matching NS5 brane spectra in Heterotic / F-Theory
e Transversely intersecting & coincident NS5 branes

Conclusion
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Line bundles In F-Theory

» GG In F-Theory: Construct elliptic fibration with ADE
singularity in codimension 1

» GG in Heterotic: Construct bundle with structure
group H st. G x H C Eg x Ejg

» F-Theory spectral cover: Het. bundle V' w/ structure
group H mapped onto (f, g) s.t. Kodaira singularity
corresponding to G occurs in Welerstrass model

» For line bundles V = €5 La, e1(V) = 0 spectral sheet
trivial = all info in spectral sheat
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Line bundles In F-Theory

» Start w/ Es x Es singularity in F-Theory and break w/ G4
(flux) rather than tuning ADE singularity (geometry)

o 2 EsGUT surfaces inYy, each diff. to het. base Bs
» Write V =k!D; = k0Do + k' D;  c1(Ly) = Ox, (KD ... kM
» Standard Het/F-Theory duality: Flux flat on fiber = k) = 0
* Line bundles pullbacks from base: £, = 7" (N,)

» Corresponding flux in 1IB: Flux on the two Eg 7-brane
stacks



Anomalies

» Het. Bianchi ldentities: chq (V) — chy(X3) = W

/

effective curve class
wrapped by 5-brane
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Anomalies

» Het. Bianchi ldentities: chx(V) —Chg(Xg) =W
» Het anomaly condition: | (B

T —
, / (B!
| Jpn

|

| ——— e e

» Use intersection ring & presence of sectlons

Y. 1
% = [lots of cancellations] = 5 /BF 01(35)02(35) + 10 /BH 01(35{)2

1 ?

e L [ e oy

— \not(BF) = / W(BF), =1 = xpou(BI) = / td(BI)[, = 1
BF B3
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Stability (D-flatness)

» Het. bundle stability: 0= / JANJNE'D; =dryrt't kR

X3 [Donaldson’85; Uhlenbeck,Yau 86]

» Insert ]{32 = 0, dz’jk =0, ...:

_ i D, |
0 = /H Jpi Ak, D; |
B 1!

I

.

» F-Theory stability on fluxed 7-brane: 0 = J A G4
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» Chiral index of bundle:

| x(Xg,V)z/X (V)d(X) = 3 dre | Lo o L
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» Insert k: jk :O, o



Spectrum

> Ch|ral index of bundle
: o V)= [ e =Y drak | - 5

| - B - a

 Insert kO — O dwk _O,

» Matching the homology groups:

* Heterotic: Use Leray spectral sequence, Serre duality,
absence of sections of stable bundle

ng =h' (B3, V) +h*(By,V*), ng- = h' (B, V*) + h*(B3', V)

= 0 for effective —Kpn
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, Insert kO Odw() (X3, V) =
» Matching the homology groups:

* Heterotic: Use Leray spectral sequence, Serre duality,
absence of sectlons of stable bundle B

e F-Theory: I\/IuIt|p|et Count from (tW|sted) theory on fluxed /-
Drane [Beasley,Heckman,Vafa 08]
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Spectrum

> Ch|ral mdex of bundle

@1

, Insert kO Odw() (X3, V) =
» Matching the homology groups:

* Heterotic: Use Leray spectral sequence, Serre duality,
absence of sectlons of stable bundle B

e F-Theory: I\/IuIt|p|et Count from (tW|sted) theory on fluxed /-
Drane [Beasley,Heckman,Vafa 08]
ng = h°(S,V*) +h' (S, V) + h*(S,V*), ng- = h°(S, V) + h* (S, V*) + h*(S,V)

\ — () magi,Wijnholt‘OB]




Spectrum

> Ch|ral mdex of bundle

41

» Insert k0 — 0, dw (X, V) =
» Matching the homology groups:

* Heterotic: Use Leray spectral sequence, Serre duality,
absence of sectlons of stable bundle B

e F-Theory: I\/IuIt|p|et Count from (tW|sted) theory on fluxed /-
Drane [Beasley,Heckman,Vafa 08]
ng = h°(S,V*) +h' (S, V) + h*(S,V*), ng- = h°(S, V) + h* (S, V*) + h*(S,V)

— 0 for effective S and h29(S) = 0



Spectrum

» Chiral index of bundle:

il X(Xg,V) :/X Ch(V)td(X) :Zd]JK|: ' !

|

.| | _ __ a

) Inset k = jk :O,
» Matching the homology groups:

* Heterotic: Use Leray spectral sequence, Serre duality,







I\/\atchmg NSS brane spectra

1. Chiral multiplets from CY+ dilaton:
hl’l(Xg) -+ ]’L2’1(X3) + 1

2. Each NS5 brane N; on genus g curve
contributes 1 chiral and g vectors

3. Each N; contributes nget(N;) chiral
deformation moduli

[Lukas,Ovrut,Waldram 98]




orane spectra

I\/\atchmg NSS

Chiral multiplets from CY+ dilaton:
hl’l(Xg) -+ ]’L2’1(X3) + 1

Each NS5 brane N; on genus g curve
contributes 1 chiral and g vectors

Each N; contributes nget(IN;) chiral

deformation moduli
[Lukas,Ovrut,Waldram 98]

| newa =RV (Y2) + 030 (Y))

| |
+ (1 (Ya) = 1™
) Tlvector = h2’1(B§1) M—

. F-Theory |

L )
1. Chiral multiplets in 4d from fourfold:
LYy + p3H(Y))

— h*1(B3))

Nchiral = h
+ (R (Ya)

2. Vector multiplets in 4d from fourfold:
Nyector = P21 (B3 ) + bt (Yy) — A2 (B3 ) — 1
[Mohri 97;Curio,Lust 98;Grimm’ 10;Grimm,Taylor 12]

3. Number of extra sections (U(1)s):
i (Yy) — hBN(BS) — 1

|
h**(By))




Matching NS5 brane spectra - Vectors

» Kunneth and A*°(By') = 0= h2Y(BH x P') =

» Before blowup: x(B3 ) = 2 + 2(hYY(B3) — 1 (B3))
» Blowup genus g curve: Ay (Bi) =2 —2g

» Since ARVY(BF) =1 = ARN(BE) = ¢



Matching NS5 bran

e spectra - Chirals

» Assume —Kpn - C; 0V i
(otherwise there are subtle

= W (Yy) = h*(By)

les with the brane moving

In fiber direction = see pa

Oer)

» From vectors: h*'(Bf) =) g(N
2 ndef(Ni) — _KBf . C@ — 1 —|— g(Nz)

» Blowup a total of 12K gu

» Get anef(Ni) = 12¢1 (B3 — n(IV;) + ZQ(Ni)



Toric description of blowups

» Have (4,6,12) curve of sing. in codim 2 where Eg N Ajeq
» Tune curve of singularities to toric loci

» Blowup above/below the rays of B,
» Toric Blowups <« Plg

* NEF partitions <+ more general degree n curves

e ____ —— ———— —— __l

| vol(C) I\/I5 brane pOS|t|on in Horava Wltten Sl/Zz 1’

e —————
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Example: By = P* x P!

» Need a total of —12Kz# for class of blowup curves
(for B =P*:36 H)
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Example: By = P* x P!

» Need a total of =12k gn for class of blowup curves
(for B =1P?: 36 H)
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Example: B; =

» Need a total of —12Kz# for class of blowup curves
(for B =P*:36 H)

<1
ES Eg
1
U £1 17 P 17 P!
us
€1
U1
z1 =0 2o = 0
%



Example: By = P* x P!

» Need a total of —12Kz# for class of blowup curves
(for B =P*:36 H)

<1
X1 8 ES E8
U2
u3
Ui
X18 ZIZO 36P1 ZQZO
<2
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'NEF Partitionsk

| i
P1 (367@)P1

2, 3

2, 3

2, 3
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2, 3

1.0

0.—1
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2. 3

(36 — n) Pl’l
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Example: B: =

Toric blovvups'

| I —

N
) 1 degree 1
n P (36 —n) P n curve (36 —n)P

w=(=1, 0, 0,2 3 1. Add new coordinate & egn
UFE H=l 05 3; £=( 0, 0, 0, 0, 0, 1)
Uz = I, 1, 0, 2, 3 o y Y ) ) )

21:( 07 07 17 27 3) gzp(u17u27u3H€i)

z=( 0, 0,—-1, 2, 3) ::> _ . .
;:( 0, 0, 0,—1, 0) 2. Assign —n to new direction
y=( 0, 0, 0, 0,—1) for us, O for all others

w=( 0, 0, 0, 2, 3)

e=( 1, 1, i, 2, 3) 3. Blowup ¢ =2z + 3y + £+ 2

W = O, €< :p(qu,UQ,U/gHgi)
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Transversely Iintersecting M5 branes
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Commdent M5 branes




Coincident M5 branes

'Match spectra for M-theory |
onY, with surface of sing. |

[Jockers,Katz,
Morrison,Plesser 16]
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M5 brane resolutions/deformations
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M5 brane resolutions/deformations
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M5 brane resolutions/deformations
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Conclusion

» Het/F-Theory duality with line bundles
 (Gauge group broken by flux rather than geometry in spectral cover

e Flat on fiber:
+ Non-chiral models
+ Need horizontal NS5 branes

 Match tadpole, spectra, stability

» NS5 branes

* Describe by toric geometry / NEF partitions
 Match M-/F-Theory picture of NS5 branes
+ Explained map of chirals and vectors to geometry

+ Mb brane position in bulk <+ triangulation



Thank you for

your attention!




