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Introduction

Heterotic string on éd manifold X preserving 4 supercharges:

X must admit SU(3) structure
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Introduction

Heterotic string on éd manifold X preserving 4 supercharges:

X must admit SU(3) structure

SU(3) structure characterized by forms (J, (2) satisfying

JAJAJ:—%QAQ OANJ =0

SU(3) structures classified by 5 torsions classes Wi, ..., W5 with

3
dJ = _ilm(W1Q) + Wy N J+ Wy

dQ = Wi JAT+Wo AJ+Ws A
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Interesting classes of SU(3) structure manifolds:

Wy =Ws5/2=do

name My H| o W; properties
cY max. symm. | () const W; =0 Clz::l:: cy
Stromingers | max. symm. [£ 0 | varies W);VL:WZ\;QQz ?kb complex
half-flat domain wall | 0 const %iz;/vvs_zzoo
nearly Kahler| domain wall 0 const only Wfr £ 0
gen. half-flat| domain wall |0 | varies Wi =W, =0
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Interesting classes of SU(3) structure manifolds:

Wy = Ws/2 = do

name My H| o W; properties
cY max. symm. | () const W; =0 Clz::l:: cy
Stromingers | max. symm. [£ 0 | varies W);VL:WZ\;QQz ?kb complex
half-flat domain wall | 0 const WQZZVV\\/}?::OO
nearly Kahler| domain wall 0 const only Wfr £ 0
gen. half-flat| domain wall |#= 0 | varies Wi =W, =0
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Interesting classes of SU(3) structure manifolds:

name My H| ¢ Wi properties
complex
CY : : -
max. symm 0 const Wi Kahler, CY

. , . W1 =Wy =0

Stromingers | max. symm. [£ 0 | varies Wi = Ws /2 = do complex
. Wi =W, =0
hal f-flat domain wall | 0 const Wy = We = 0
nearly Kahler| domain wall 0 const only W1+ £ 0

gen. half-flat| domain wall |#= 0 | varies VV\\}/i_::V)\;l}?_Qi ?kb

Why allow for a 4d domain wall?

® Domain wall still consistent with 4d covariant theory

® But 4d superpotential, e.q. W = ¢, 7", has runaway directions
and domain wall is “simplest” solution.
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Two main questions addressed in this falk:

® In the context of half-flat/nearly Kahler manifolds:

Can domain wall vacuum be liffed tfo a maximally-symmetric one,
for example by o corrections or non-perturbative effects?

® In the context of generalized half-flat manifolds:

Is there a new perspective on CY compactifications with H-flux?
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Cosets as examples of half-flat mirror spaces
(Gurrieri, Louis, Micu, Waldram, 2002)

half-flat mirror spaces: forms (w;,&’) and (aq, 37) with

dwi — 62'50 . dOéO — 67;(112

half-flat structure: J =t'w;, Q= Z%4+ G484
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Cosets as examples of half-flat mirror spaces
(Gurrieri, Louis, Micu, Waldram, 2002)

half-flat mirror spaces: forms (w;,&’) and (aq, 37) with

dwi — 62'50 . dOéO — 67;(112

~._

torsion parameters

half-flat structure: J =t'w;, Q= Z%4+ G484
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Cosets as examples of half-flat mirror spaces
(Gurrieri, Louis, Micu, Waldram, 2002)

half-flat mirror spaces: forms (w;,&’) and (aq, 37) with

dw;, = ¢;8°, dag = ;"

~._

torsion parameters

half-flat structure: J =t'w;, Q= Z%4+ G484

Cosets as explicit examples: G _SUB) 5p(2) Go

H U)2’ SU((2)xU(1)" SU(3)

(Lust, 1986)
(Kapetanakis, Zoupanos, 1992)

(Chatzistavrakidis, Zoupanos, 2009)
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Cosets as examples of half-flat mirror spaces
(Gurrieri, Louis, Micu, Waldram, 2002)

half-flat mirror spaces: forms (w;,&’) and (aq, 37) with
dw; = ¢;8°, dag = e;@"

~._

torsion parameters

half-flat structure: J =t'w;, Q= Z%4+ G484

Sp(Q) GQ
L SU2) x U(1) SU(3)

focus on this one
(Lust, 1986)
(Kapetanakis, Zoupanos, 1992)

Cosets as explicit examples:

T Q

(Chatzistavrakidis, Zoupanos, 2009)
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“natural” vielbein e, ... e° from left-inv. one-form on SU(3):

w = —g= (e e %656) ol — 5172@61234 11256 63456)
wy = —z=(el?+ 634) o2 = il}g( 1234 | 61256)

w3 = 3= (612 — et 4 656) o3 = I 1234 _ ;1256 | 63456)

a = o (6136 _ o145 0235 6246) 50— % 135 | o146 _ 236 6245)
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“natural” vielbein e, ... e° from left-inv. one-form on SU(3):

w = —g= (e e %656) ol — 341771'0(261234 11256 63456)
wy = —z=(el?+ 634) o2 = %}Z( 1234 | 61256)

w3 = 3= (612 — et 4 656) o3 = I 1234 _ ;1256 | 63456)

a = o (6136 _ o145 0235 6246) 50— % 135 | o146 _ 236 e245)

torsion paramefers: (61, €2, 63) — (O, 0, 1)
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“natural” vielbein e, ... e° from left-inv. one-form on SU(3):

Wi = _% 12 + 1 1,34 %656) ol — 3477;(261234 11256 63456)
wy = —z=(el?+ 634) o2 = %;7(;( 1234 | 61256)

w3 = 3= (612 — et 4 656) o3 = I 1234 _ ;1256 | 63456)

a = o (6136 _ o145 0235 6246) g0 — % 135 | o146 _ 236 6245)

torsion parame’rers: (61, €9, 63) = (O, 0, 1)

4d “moduli” fields: 3 T-moduli 7% = ¢* + i7°
dilaton S = s+ io

no “complex structure” moduli
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Four-dimensional theory: (Gurrieri, Lukas, Micu, 2004)

K=—-—In(S+5)—Ink, k= dijktitjtk

WN/ QN (H +idJ) ~ eT" =T°
X

runaway directions -> domain wall
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Four-dimensional theory: (Gurrieri, Lukas, Micu, 2004)

K=—In(S+5)—Ink, k= dijktitjtk

WN/ QA (H +idJ) ~ e, T =T
X
runaway directions -> domain wall

So far this generalizes to all half-flat mirror manifolds, but
gauge fields are difficult to deal with in general....
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Gauge fields on cosets
View G as a principle bundle G — G/H with typical fiber H .

Every representation p: H — GI(V) leads to an associated
vector bundle with typical fiber V.
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Gauge fields on cosets
View G as a principle bundle G — G/H with typical fiber H .

Every representation p: H — GI(V) leads to an associated
vector bundle with typical fiber V.

For SU(3)/U(1)? we have H = U(1)*.

Irreducible repr.p labeled by two charges p = (p,q).

Monday, October 1, 2012



Gauge fields on cosets
View G as a principle bundle G — G/H with typical fiber H .

Every representation p: H — GI(V) leads to an associated
vector bundle with typical fiber V.

For SU(3)/U(1)? we have H = U(1)*.

Irreducible repr.p labeled by two charges p = (p,q).

-> line bundles L = Ox(p), with c1(L) = pwi + qwo
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Take vector bundles to be sums of line bundles

n

V = 69 Ox(pa) where c¢1(V) ~

a=1

so that structure group of V' is S(U(1)")
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Take vector bundles to be sums of line bundles

n

V= 69 Ox(Pa) where ¢1(V)~ ipa =0

a=1

so that structure group of V is S(U(1)") C SU(n) C FEs .

On cosets, everything explicit including connection on V/
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Take vector bundles to be sums of line bundles

n

V= 69 Ox(Pa) where ¢1(V)~ ipa =0

a=1

so that structure group of V is S(U(1)") C SU(n) C FEs .

On cosets, everything explicit including connection on V/

HYM equations: d,.;pp"t't" = 0

fixes t: =t2 =0, leaves T =77, S flat
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Take vector bundles to be sums of line bundles

n

V= 69 Ox(Pa) where ¢1(V)~ ipa =0

a=1

so that structure group of V is S(U(1)") C SU(n) C FEs .

On cosets, everything explicit including connection on V/

HYM equations: d,.;pp"t't" = 0

fixes t: =t2 =0, leaves T =77, S flat

-> X nearly Kahler
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Including &’ corrections

/
Bianchi identity: dH — O‘Z (trF ANF+trEAF —tr R A R—)
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Including &’ corrections

/

Bianchi identity: dH — O‘Z (trF ANF+trEAF —tr R A R—)

/

observable sector,
bundle parameters Pa
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Including &’ corrections

/

Bianchi identity: dH — O‘Z (trF ANF+trEAF —tr R A R—)

/ A\

observable sector, hidden sector,
bundle parameters Pa bundle parameters p,
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Including o’ corrections

/

Bianchi identity: dH — O‘Z (tr FAF+trFAF—trR™ A R—)

/ A\

observable sector, hidden sector,
bundle parameters Pa bundle parameters p,

Can be solved: H ~ pu(pa,Pa)o -> Killing spinor equations

X remains half-flat (nearly Kahler)
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Including &’ corrections

/

Bianchi identity: dH — O‘Z (trF ANF+trEAF —tr R A R—)

/ A\

observable sector, hidden sector,
bundle parameters Pa bundle parameters p,

Can be solved: H ~ pu(pa,Pa)o -> Killing spinor equations

X remains half-flat (nearly Kahler)

K=—-In(S4+5)—-3In(T"+T)

WN/ QA (H +idJ) ~T +
X

Can now fix remaining T-modulus but dilaton still runaway...
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Moduli stabilization

Add gaugino condensate: W =T + p + ke~ °

S=(z+1iy)/c
T =t+r
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Moduli stabilization

Add gaugino condensate: W =T + p + Le—cS

S=(x+1y)/c
I'=1t+7

F-flat conditions Fig = Fr+ =0 lead to =0, y=0,7 and

(1 —x)e " =

=
o
>

-> Susy AdS vacua
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Moduli stabilization

Add gaugino condensate: W =T + p + ke~ °

S=(z+1iy)/c
T =t+r

F-flat conditions F'g = F+ =0 lead to =0, y = 0,7 and

(1—x)e” " =

=
o
>

-> Susy AdS vacua

Two main differences to CY gaugino condensation and H-flux:

® Additional T-dependent contribution from torsion

® H-flux is not harmonic but bundle-induced
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What about consistent field values,t > 1 (&' expansion valid)
and s > 1 (weak coupling)?

Tension: large ¢ needs large flux © and large s requires small

"Compromise” values for p which lead to marginally consistent field
values can be obtained for suitable bundle choices.
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CY manifolds and NS flux

Consider generalized half-flat space X with H # 0 and domain wall:
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CY manifolds and NS flux

Consider generalized half-flat space X with H # 0 and domain wall:

d2_ =2dop A
JANdS =JNJ ANdo
JNH = xdo

dJ =2¢'Q_ — Q" —2dp A J + xH
dQUy = JANT — ' TN T +2dp N Q.
Q_ANH=2¢" %1
QL ANH =0
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CY manifolds and NS flux

Consider generalized half-flat space X with H # 0 and domain wall:

d2_ =2dop A
JANdS =JNJ ANdo
JNH = xdo

dJ =2¢'Q_ — Q" —2dp A J + «xH
dQy = JANT — ' TAJT+2dop A Qy
Q_NH=2¢"x1
QL ANH =0

Is there a CY solutions, dJ = df2 = 0, with non-zero flux?
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CY manifolds and NS flux

Consider generalized half-flat space X with H # 0 and domain wall:

d_ =2do A Q)_
JANAT =JANJANdp | <ok ford¢ =0
JNH = xdo
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QL ANH =0
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CY manifolds and NS flux

Consider generalized half-flat space X with H # 0 and domain wall:

dQ_ =2do A Q_
JANdS =JANJANdg | <ok for d¢p =0
JNH = xdo

B(=2¢'Q. — Q' —2dpLJ + «H
)@Q:JAJ’—gb’JAJHMm

Q_NH=2¢"x1
Q_|_/\H:O

Is there a CY solutions, dJ = df2 = 0, with non-zero flux?
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We are left with:

flow egs. 29" x 1 =Q_AH and Q. ANH =0
JNT =" TNJ
Q. =290'Q_ +xH
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We are left with:

flow egs. 29" x 1 =Q_AH and Q. ANH =0
JNT =" TNJ
Q. =290'Q_ +xH

A domain wall solution to these egs. exists. It can also be obtained
by solving 4d theory on CY with superpotential

W:/ ONH =nasZ% —maG 4
X
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We are left with:

flow egs. 29" x 1 =Q_AH and Q. ANH =0
JNT =" TNJ
Q. =290'Q_ +xH

A domain wall solution to these egs. exists. It can also be obtained
by solving 4d theory on CY with superpotential

W:/ ONH =nasZ% —maG 4
X

Change of perspective:

® Previously: H-flux requires non-Kahler spaces (Strominger system)

® Now: Keep space CY even in the presence of H-flux
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We are left with:

flow egs. 29" x 1 =Q_AH and Q. ANH =0
JNT =" TNJ
Q. =290'Q_ +xH

A domain wall solution to these egs. exists. It can also be obtained
by solving 4d theory on CY with superpotential

W:/ ONH =nasZ% —maG 4
X

Change of perspective:

® Previously: H-flux requires non-Kahler spaces (Strominger system)

® Now: Keep space CY even in the presence of H-flux

+ : CY methods available - : need to lift domain wall
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Conclusion

® Non-Calabi-Yau compactifications of string theory are interesting

but progress is hampered by the lack of examples.
(Larfors, Lust, Tsimpis, 2010)

(Gray, Larfors, Lust, 2012)

® Half-flat and gen. half-flat spaces provide solutions of the het.
string if combined with a 4d domain wall.

® Coset provide explicit examples of half-flat spaces and o’
corrections can be worked out explicitly.

® For cosets, a combination of &’ and non-pert. effects can lift
the domain wall to AdS. There are consistency issues....

® H-flux is consistent with keeping the internal space CY if the
4d space-time is a domain wall.
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Conclusion

® Non-Calabi-Yau compactifications of string theory are interesting

but progress is hampered by the lack of examples.
(Larfors, Lust, Tsimpis, 2010)

(Gray, Larfors, Lust, 2012)

® Half-flat and gen. half-flat spaces provide solutions of the het.
string if combined with a 4d domain wall.

® Coset provide explicit examples of half-flat spaces and o’
corrections can be worked out explicitly.

® For cosets, a combination of &’ and non-pert. effects can lift
the domain wall to AdS. There are consistency issues....

® H-flux is consistent with keeping the internal space CY if the
4d space-time is a domain wall.

Thanks!
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