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Why M-theory on twisted connected sum Go?
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@ Type ITA & heterotic Eg X Eg Q g5 large .
EgxEg heterotic
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Central position in string dualities! T
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Why M-theory on twisted connected sum Go?

Type |

@ Type ITA & heterotic Eg x Eg @ g5 large

50(32) heterotic

EgxEg heterotic
M-theory

M-theory

Type llA

Central position in string dualities! T

@ M-theory on 7d G3-manifolds = 4d N' =1 SUGRA

@ Twisted connected sum construction allows (Kovalev limit)

— singularities that lead to non-Abelian gauge symmetry enhancement
— interesting matter content
— transitions within A/ = 1 effective theories

in context of compact G2!
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Outline

e Dimensional reduction of M-theory on a G,
e Building the G5-manifold: twisted connected sum
e The Kovalev limit

e M-theory on TCS Gy-manifolds

e Summary & Future Prospects
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Dimensional reduction of M-theory on a G

e a compact 7d manifold
) e 71 (G2) finite
(Go-manifold: * Ricciflat g = g(p)

 is torsion-free 3-form Ga-structure
[Joyce ‘00]
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Dimensional reduction of M-theory on a G

e a compact 7d manifold
71 (G2) finite

(Go-manifold: * Ricciflat g = g(p)
 is torsion-free 3-form Ga-structure
[Joyce “00]

@ Dimensional reduction on M50 = RY3 x @,
e Starting point: 11d A/ =1 SUGRA - 3-form C, g11, ¥ — [Cremmer et al ‘78]

Multiplicity Massless 4d component fields Massless 4d K(¢, ‘E) = —3log <; /G’ [N *g(p) ‘P)
bosonic fields | fermionic fields | A = 1 multiplets 2
1 metric g, gravitino 4,9}, | gravity multiplet fr5(9) = 2Vyg, zk: RIJk ¢k
i=1,..., b3(Y') | scalars (S°, P) | spinors x*, x** | chiral multiplets ®* ) 1 )
I=1,..., by(Y) | vectors Al gauginos A/ vector multiplets V7 W(¢') = E Z o /I‘@ G A (C + ip)
0 i

e M-theory moduli space Mc _ _ _
— locally parametrized by bs(G2) complex chiral scalars ¢* = P* +4S".
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Building the Go-manifold: twisted connected sum

[Kovalev ‘01], [Corti et al ‘12]
1) Construct two non-compact asymptotically

cylindrical CY 3-folds & product w/ circle
(truncate at T + 1)

1
Yo/r=XrL/r X SL/R

1 1
:AZY/RX SL/R %X SL/R

T+1 T T-1 0
th <+ e

() = s2()
SR

Yi(T) x Xr(T)

I E-H
Xu(T) ; x Yal(T)
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Building the Go-manifold: twisted connected sum

[Kovalev ‘01], [Corti et al ‘12]

T+1 T T-1 0
1) Construct two non-compact asymptotically taﬂwi—f—<

cylindrical CY 3-folds & product w/ circle
(truncate at T + 1)

1
Yo/r=XrL/r X SL/R

Yi(T)
— Al 1 i
*AL/RXSL/RXSL/R
Ya(T)

2) Hyperkéhler rotation r: S;, — Sp w/ twist

« I _ g w« J _ T « K _ K

rfup =wy, Twp=wp, T wp=-wp

L9

3) glue them in (T, T + 1) 0 T-1 T T+1

e Important: Without twisted gluing, each Y7,z would have SU(3) holonomy.
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Building the Go-manifold: twisted connected sum

[Kovalev ‘01], [Corti et al ‘12]

T+1 T T-1 0
1) Construct two non-compact asymptotically tR <+ttt
“egion

cylindrical CY 3-folds & product w/ circle
(truncate at T + 1)

1
Yo/r=XrL/r X SL/R
1 1 Yi(T)
AZY/R X Sp/r X SL/R
Yr(T)
2) Hyperkéhler rotation r: S;, — Sp w/ twist
« I _ g « J _ I « K _ K
TWwRp =Wy, T WR=wWp, T Wp =—wp
t
3) glue them in (T, T + 1) 0o T1 T Ti1 -
e Important: Without twisted gluing, each Y7,z would have SU(3) holonomy.
Go-manifold Y =Y, UYRr = X, Ug1 Xr
L/R
e compact 7d / o w1 (Y) finite \/
e torsion-free Ga-structure ¢ approaches TCS Ga-structure @ \/
o(T, R, 5) = 3(T, R, S) + de(T, R, §) with (vk€Z>Oe(T, R, 8)| = o(e=BT)
Moduli: T := length of AY! R := overall volume modulus of X1 /p S := remaining G5 moduli
v
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The Kovalev limit

@ X ,r metrics are good approximations to G2-metrics.

o(T,R,S) = 3(T,R,S) +de(T, R, S) with |VFEL>0(T R, S)| = O(e~BT)

4d Planck const. k4 = k4(Vy) remains const. S fixed
+ = +
exponential correction terms suppressed T —

Vy (T, R, §) « R7Vg (2T+a(§)) 4+ O(e~BT)

@ Analogous to large volume limit of CY compactifications of type II.
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M-theory on TCS Gy-manifolds

Using Kovalev limit!
Universal NV = 1 chiral moduli multiplets v and
o From H3(Y):

H}(Y) = universal volume modulus v
K3 fibration = squashing modulus b

e Torsion-free Go-structure now written in terms of
Re(v) = v Re(x) = wvb

» := Kovalevton as Kovalev limit is given by » — oo
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M-theory on TCS Gy-manifolds

Using Kovalev limit!
Universal NV = 1 chiral moduli multiplets v and
e From H3(Y):

H}(Y) = universal volume modulus v
K3 fibration = squashing modulus b

e Torsion-free Go-structure now written in terms of
Re(v) = v Re(x) = wvb

» := Kovalevton as Kovalev limit is given by » — oo

The Kahler pOtential (for const. S)
K (v, 0,50, 5) = —log|(v + )" (s + )°]

o No-scale inequality ¢g70;K0; K —3 >0 v~
= A > 0 (No AdS-SUSY vacua!)
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Gauge sectors on TCS Go-manifolds

su®)
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Gauge sectors on TCS Go-manifolds

su®)

1
SLO Pu— 1)
HZ(Y) & (kLﬂBk‘R)@(NLﬂNR) Sn@
— Yi(T) x Xr(T)

2 N=2 N=4

Xu(T) % Ya(T)
3 S
2 (0 C“/;BDLHO
53! Sk

su@)

SUG)

o kp g : local geometry Y, /g

N =1 vector + neutral N’ = 1 chiral multiplets = 4d N = 2 gauge theory
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Gauge sectors on TCS Go-manifolds

su®)

1
5 SLO Pu— 1)
H (Y)Z(kLGBk‘R)@(NLﬂNR) S
— Yi(T) x Xa(T)

2 N=2 N=4

Xu(T) x Yi(T)
3 S
H>(Y) D (kL ® kr) &, ? ! 0
5t +— ()sh

su@)

EE)

o kp g : local geometry Y, /g

N =1 vector + neutral N’ = 1 chiral multiplets = 4d N = 2 gauge theory

e N1, N Npg : local geometry asymp. region Y7, (T) N Yr(T)
N =1 vector + 3 A = 1 chiral multiplets == 4d A = 4 gauge theory
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Gauge sectors on TCS Go-manifolds

su®)

HQ(Y) = (k:L@kR)@(NLﬁNR) S Kr
v v Yi(T) x Xg(T)
2 N=2 N=4 "
Xu(T) x Ye(T)
H3(Y) D (kr ®kgr) [ m i 5 .
N m——L RS

e kr /R : local geometry Y7, /g

N =1 vector + neutral N’ = 1 chiral multiplets = 4d N = 2 gauge theory
e N1, N Npg : local geometry asymp. region Y7, (T) N Yr(T)

N =1 vector + 3 A = 1 chiral multiplets == 4d A = 4 gauge theory

6r/r of S} X Sk ~ T? & smooth bump fct. h(t) € (0,1)

w® e (NLNNg)of K3 = w® AR®)dor , w® AR(t)dIr, wP Ah(t)dt

N=1 vector

3 scalar fields

3 scalar deformations of K3 metric

I

3 N = 1 chiral multiplets

v
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Singularities on TCS Go-manifolds
Real codimension 4 — non-Abelian gauge theory enhancement v~
Real codimension 6 — non-trivial matter reps. v~

Real codimension 7 — chiral matter ?
St ,r Prevent real cod. 7 singularities
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Singularities on TCS Go-manifolds
Real codimension 4 — non-Abelian gauge theory enhancement v
Real codimension 6 — non-trivial matter reps. v~

Real codimension 7 — chiral matter ?
St /g Prevent real cod. 7 singularities

Examples
Focus on left-side only.
P := 3-fold , — Kp := anticanonical div. of P, C; := curves given by sections of —Kp

X1 C BlciP:>Y:XL USi/R Xr
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Singularities on TCS Go-manifolds
Real codimension 4 — non-Abelian gauge theory enhancement v
Real codimension 6 — non-trivial matter reps. v~

Real codimension 7 — chiral matter ?
St /g Prevent real cod. 7 singularities

Examples
Focus on left-side only.
P := 3-fold , — Kp := anticanonical div. of P, C; := curves given by sections of —Kp

X1 C BlciP:>Y:XL USi/R Xr

Gauge group N = 2 hypermultiplet spectrum

1) P=P% SU(4) 3x adj

2) P=P! x P% SU(3) x SU(2) x U(1) 2 x (adj, 1) , (1,adj),3 x (3,2)+1

v
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Summary & Future Prospects

* Twisted connected sum Gz-manifolds (Kovalev)
e Compatible gluing of a pair of asymptotically cylindrical Calabi-Yau 3-folds
x Moduli spaces & 4d low-energy effective theory

e Kovalev limit: X1, metric is good approximation to G2-metric
(Kahler potential, gauge sectors, singularities, G2-transitions)

+* Future Prospects
e Chirality?
e Phenomenology behind K, W, fr;?
e X /R sectors: hidden/visible sectors to mediate SUSY breaking?

e Dualities w/ F-theory & intersecting brane models?

A
D

V)

arXiv:
1702.05435

a Guio (Univ. of Bonn) M-theory on TCS G2-manifolds Planck 2017 10 / 10



Summary & Future Prospects

* Twisted connected sum Gz-manifolds (Kovalev)
e Compatible gluing of a pair of asymptotically cylindrical Calabi-Yau 3-folds
x Moduli spaces & 4d low-energy effective theory

e Kovalev limit: X1, metric is good approximation to G2-metric
(Kahler potential, gauge sectors, singularities, G2-transitions)

+* Future Prospects
e Chirality?
e Phenomenology behind K, W, fr;?
e X /i sectors: hidden/visible sectors to mediate SUSY breaking?

e Dualities w/ F-theory & intersecting brane models?

A
«@v

arXiv: Thank you for your attention!
1702.05435
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