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Introduction and Motivation
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Motivating 6d effective theories

-~ Six-dimensional theories are ideal to probe concepts of string theory

»chiral representations for spinors: strong constraints from anomalies
+ supersymmetric theories
r (1,0) . eight Supercharges analog “heterotic String”

= gauge theory: spontaneous compactification + susy breaking:
N=1, 4d string phenomenology

- (2,0) - sixteen supercharges analog “Type IIB string”
= tensor theory: two forms with self-dual field strength
non-Abelian version mysterious since discovery in ‘96 [Witten]

+ Two main examples:

F-theory on elliptically fibered world-volume theory
Calabi-Yau threefolds of multiple M5-branes
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Goals of this talk:

- Partl:  Discuss 6d effective theories arising in F-theory compactifications
using M-theory

+ 6d pseudo-action and anomalies

» 6d Chern-Simons terms and landscape analysis
/ .

+ v - corrections

= PartIl:  Study vacua of 6d gauged supergravity theories from F-theory

» G-fluxes and SU(3) structure geometry
» spontaneous compactification: 6d — 4d
+ supersymmetry breaking: 8 supercharges — 4 supercharges

= Message: F-theory via M-theory is ideal to study 6d theories with both

applications: 6d non-Abelian tensor theories, 4d N=1 phenomenology
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Formulating six-dimensional
effective theories
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I'-theory compactfications

~ Type IIB has non-perturbative Si(2,7) symmetry rotating 7 = Co + e

¢

= interpret 7 as complex structure of a two-torus (2 auxiliary dimensions)

- minimally supersymmetric F-theory compactifications:

»

[Vafa] [Morrison,Vafa]

Part I: F-theory on torus fibered Calabi-Yau threefold Y3

= 6d (1,0) supergravity theory

= base B, is a Kahler manifold

Part II: Y3 SU(3)-structure threefold

e

two-torus fiberes over
compact Kahler base B

but B; remains Kéhler = 6d (1,0) sugra with gauged shift symmetries

- singularities of the fibration are crucial to encode 7-brane physics

= pinching torus indicates presence of 7-branes magn. charged under 7
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I'-theory / M-theory geometries

~ F-theory geometries can be constructed and analyzed

+singularities of elliptic fibration induce non-Abelian gauge symmetry

» singularity resolution:
(resolution at each codimension) @ . @
= Unification of brane and bulk
> /T/

physics on resolved CY manifold

= M-theory to F-theory limit: M-theory on

B cycle
/

— A cycle

(1) A-cycle: if small than M-theory becomes Type ITA
(2) B-cycle: T-duality = Type IIA becomes Type IIB
(3) grow extra dimension: send 7%- volume T-dual = B-cycle becomes large

= M-theory to F-theory limit connects 6d and 5d effective theories I

%
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M-theory on resolved (Y manifolds

= physical interpretation of resolution only possible in M-theory

» moving branes apart on the B-circle:
Coulomb branch of the lower-dimensional =%
auge theory:
5aug b G U ( 1 ) rankG

- Massive states from M2 branes on geometric 2-cycles:

+ M2-branes on resolution P'’s over generic points of S
= massive W-bosons’ of G-breaking

. M2-branes on resolution P'’s over intersection
= massive matter multiplets

» M2-branes on the elliptic fiber = massive Kaluza-Klein modes

- All massive states have to be integrated out to determine Wilsonian

effective action = in circle compactification also KK-modes are crucial!!
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0d F-theory effective actions via M-theory

~ effective actions can be computed via M-theory / 11-dimensional
supergravity on the resolved Calabi-Yau threefolds

F-theory on singular Y3 M-theory on resolved Y3

6d, (1,0) effective theory with
non-Abelian gauge symmetry G

5d, N=2 effective theory with
only abelian gauge symmetries

circle compactification

5d, N=2 effective theory pushed
to 5d Coulomb branch: U(1)**¢

compare

6d/5d: [Ferrara,Minasian,Sagnotti],

- explicit: (1,0) characteristic data [Antoniadis,Ferrara,Minasian,Narain]

L . [Bonetti, TG] [Bonetti, TG,Hohenegger]
determining the action
gauged sugra: [TG,Pugh]

g
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Part I: Systematics for six-dimensional
theories

10
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(lassical geometric data
[Bonetti, TG]

= general form of N=1 pseudo-action
S = /%g(w G A *GP + gog dj* A *dj° + j*Qup(a’tr(R A xR) + botr(F4 A S )
+ BSQup A (aPtr(R A R) + b5 tr(F4 A F)) + hypers

(anti-) self-duality has to be imposed on the level of e.o.m.

- reduce on circle and move to 5d Coulomb branch:

» (1) comparison with M-theory: determine const. a“, b}, Q2,3 geometrically

e.g. c1(B2) = —a%wq canonical class of Ba

Qaﬁ — / Wao N\ W3 intersection numbers on By
B

» (2) crucial knowledge of Kaluza-Klein action of tensor tower (and other fields)

» (3) integrate out massive Coulomb branch / Kaluza-Klein modes
11
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- / -
ngher curvature terms/ o - corrections

-~ determine «'- corrections to 6d F-theory effective action by dimensionally
reducing known higher-curvature correction to 11d supergravity

1
SUL — 44 «L(REYD +18,J0) + 15,05 A T Jo = tsts(R'V)* — Zenen (RUD)!

CLIEV - l9
e To = err (Tr(RUV ) — LTyp(ROD 2)2)

~ 5d volume correction / higher curvature terms from Jo, Zo on Y;

curv

SB) — / «1(V3 R + Vo Tr(RP) A +RD))) + e A% A Te(RP) A RB)))

~

Vs = %/Jg—l—)((Yg) Vs :/CQ(YS)/\J Cy :/CQ(Yg)/\wg

. . . . . / .
= corrections survive partly in the F-theory limit — 6d « - corrections
= non-surviving corrections correspond to 1-loop terms in 5d!

~ volume corrections in 4d N=1 K&hler potential — volume D7 n O7- curve
[TG,Weissenbacher,Savelli] — R. Savelli’s talk 5
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od perspective on tensor actions

= action for Kaluza-Klein tensor tower B =Y e"™[B,+ A, A (dy + A%)]
nez
S‘fggsor — / _%T_lf N *F + %CAO NFNF AY Kaluza-Klein vector

DB, = dB, —inA° A B,,

[Townsend etal.]

oo
+ Z / —r~ B, AxB, +incB, \DB,
n=1 [Bonetti, TG,Hohenegger 1206]

- proposal for non-Abelian generalization

+ zero modes become non-Abelian gauge potentials, e.g. YM F = dA + %[A, Al
. massive tensor modes are gauged DB, = dB,, + [A, B,] —inA” A B,

tensor

GRK Z / —’r_lTr(Bn A *B,) +incTr(B, ADB,) + fermions + . ..
n=1

+ proposed 5d, N=2 superconformal action for KK-spectrum of (2,0) theory
= How can we test the correctness of this proposal?

[Bonetti, TG,Hohenegger 1209] — F. Bonetti’s talk
13
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b6d anomalies and 1-loop Chern-Simons terms

= 6d gravitational anomalies [Alvarez-Gaume, Witten] [Sagnotti]

H—V =273-29T | a®Qapa” =9-T |
vector tensor

hypermultiplets 16 . Green-Schwarz
tiplet
IUHp stsEgmisnpet; mechanism: ao‘Qang AT (RS

~ 6d anomalies captured by 5d 1-loop Chern-Simons terms

spin-1/2 fermion ¢ | self-dual tensor B, spin-3/2 fermion v,

1 1 122
karr | AAtt(RAR : g (8cp) : 19
L L . — . C e 5 ==
ARR/ sl eyl M a1 %) | ~3ggm 1 ("19¢an)

q is the charge of the field under the U(1)-field A, c¢y1/2, ¢B, c3/2 is 6d chirality

= summation over all Kaluza-Klein modes, zeta-function regularization

[Bonetti, TG,Hohenegger 1302] — F. Bonetti’s talk -
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6d origins of 5d theories

[Bonetti, TG,Hohenegger 1303]

-~ can one pose the reversed question:

Given a 5d effective theory, can one determine whether this theory arises
from a 6d theory that is anomaly free?

apparently consistent five-dimensional theories
five-dimensional theories arising from six dimensions

five-dimensional theories arising
from known anomaly-free
six-dimensional theories

- analyzing 5d Chern-Simons terms: split S5o., + S7°

class 1—loop

check if correlations to potentially lift to 6d anomaly free theory

~ same strategy allows to check if 5d, N=4 theory can arise from
anomaly-free Abelian (2,0) theory = What about non-Abelian (2,0) theory?

15
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Part II: Gauged 6D supergravities
and symmetry-breaking vacua

16
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Generalize 6d IF-theory reductions

~ consider M-theory reduction with:

+ background flux =~ G4 = (dC3) = 0,&" | on compact geometry

+ geometric flux: SU(3) structure manifold 26 (non-Calabi-Yau space)

dJ = exnv” B, J = vwp J, €} no-where vanishing
I = 7% o p ™ Q= Z2¥ai — Fre ¥ real 2-form, complex 3-form

)

[Gurierri,Louis,Micu,Waldram] [Grana,Louis Waldram]

~ 5d supergravity has gauged hypermultiplets (gauged shift symmetries)

- M-theory three-form: C5 =C3 + ¢¥ax — B85 + AY Awy

- gauged hypers:  Dg* = dég + Atexn, if ¢ =k,

{ dd + 2420, , if ¢ = ®, universal hyper

17
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od to 6d gauged supergravity

[TG,Pugh]

= Scalar potential determined by “‘gauge potentials’ 7?}'\ (transforming in SU(2))

Ap3 _ @/ Apl . A2 2 4y7g
Ve e = J NGy U — €2 ey
T A0y A VY Zs

~ Take M-theory to F-theory limit: 6d (1,0) gauged supergravity
= lift 5d hypersector from to 6d hypersector

» background G-flux: Vfﬂi)x = ! CYig,9;

329a530‘b592

= potential can arise from 7-brane flux in F-theory

—127 1 K A eKC K A
C™ M (Tgenieni€ 8" + 5 enierz"z")

, - . e 1
geometric flux: |4 2 =

) 5 32§2a550‘bﬁ

= potential for geometrically massive U(1)’s in F-theory
[TG,Weigand] [TG,Kerstan,Palti,Weigand]
— T. Weigand’s talk 18
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Vacua of the 6d gauged theory

~ gauged 6d (1,0) theories admit no Minkowski vacua

= new Ansatz: R3! x B ds® = Muptis @l 4= Gz, 220z

Solution:

» volume of 26 develops
profile on 5 due to G-flux
= sources needed

+ complex structure moduli
develop profile on 5

=> cosmic string solutions: new 7-branes wrapping base By of Z;

. universal hypermultiplet scalar ® develops profile on B

 new U(1)-fluxes needed on B (complete G-flux, s.t. it is self-dual)

- Solution matches with N=1, 4d fourfold reduction on Zg with base B x B,

compare with warped solution [Becker,Becker]

19
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Supersymmetry breaking and chirality

~ study vanishing of fermion variations on this background

= Killing spinor equation implies that only 4 supercharges can be

preserved in 4d
recently studied

= supersymmetry breaking corresponds to N=2 — N=1 in 4d [Louis,Smyth,Triendl]
however, is accompanied by 6d — 4d reduction

A

= derived N=1, 4d effective action obtained in B - reduction

= matches F-theory reduction on with G-flux and geom. massive U(1)’s
compare [TG] [TG,Kerstan,Palti,Weigand]

~ 4d theory can admit a chiral spectrum:

+chiral spectrum can be ‘measured’ by 3d Chern-Simons terms:
(generated at 1-loop in 3d Coulomb branch) g / N
Zs3

} Qs e e DRl
3d Chern-Simons terms for solution: ©;; = V;; 2 il et

Simons terms in 5d 20
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Conclusions

~ M-theory to F-theory limit allows to study 6d theories with self-dual tensors

» 6d pseudo-action via 5d Kaluza-Klein actions
— proposed non-Abelian generalization of 5d tensor action

+ 5d Chern-Simons terms capture quantum information about 6d theory
— non-Abelian generalization?

/ . . . o e ;
» ' - corrections — also exist in 4d, N=1 compactifications

=~ background G-flux and geometric fluxes induce 6d gauged supergravity
* no 6d Minkowski vacua: G-flux ensures spontaneous compactificaiton

+compactifying solutions with 4d Minkowski and 2d compact space
— vacua admit all key features of 4d F-theory vacua but are simpler

» spontaneous supersymmetry breaking from 8 to 4 supercharges
— since 6d — 4d reduction: can still have 4d chiral spectrum

24
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The End.
Thank you!

22
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