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Motivation

@ Large volume models allow to stabilise all moduli and explain
weak /Planck hierarchy and give TeV-scale SUSY-breaking
without finetuning.

@ Within this context, an extensive and successful
phenomenological analysis has been performed, including
spectra, mass ratios, collider signatures, etc.

o Large volume models rely on non-perturbative contributions to
the superpotential generated by instantons

@ Motivation: discuss these models in view of the recent
progress in instanton calculus.

@ Especially: is the “modular approach” in model building really
consistent?
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Outline

© Large volume models

© Instantons and chirality

e An example
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Large volume models

Large volume models

@ Balasubramanian, Berglund, Conlon, Quevedo: “Systematics of Moduli
Stabilisation in Calabi-Yau Flux Compactifications”

@ Conlon, Kom, Suruliz, Allanach, Quevedo: “Sparticle Spectra and LHC
Signatures for Large Volume String Compactifications”

@ Many other by the Cambridge group

@ Berg, Haack, Pajer: Jumping Through Loops: On Soft Terms from Large
Volume Compactifications
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Large volume models

Large volume models

o Consider a Type IIB orientifold model on CY X with O7 and
O3 planes
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Large volume models

o Consider a Type IIB orientifold model on CY X with O7 and
O3 planes

@ The axio-dilaton S and complex structure moduli U; are
stabilised by Gz fluxes, described the GVW-superpotential

WGVW:/ Gz A Q2
X

Sebastian Moster Instanton effects in chiral large volume scenarios



Large volume models

volume models

o Consider a Type IIB orientifold model on CY X with O7 and
O3 planes

@ The axio-dilaton S and complex structure moduli U; are
stabilised by Gz fluxes, described the GVW-superpotential

WGVW:/ Gz A Q2
X

@ No-scale structure for Kahler moduli T; is broken by o/
corrections to the Kahler potential

¢ < -
K:—2|n(V+W)—In(5+5)—In(—/ QAQ)
&s X
as well as non-perturbative corrections to the superpotential,
generated by instantons

W,p = A(S, U)e™Smt = A(S, U)e ' 22T
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Large volume models

Large volume models - swiss cheese structure

o If the volume of X is given in form V = Tg’/z - 271.3/2 there

exists a non-susy minimum in the F-term potential with

3/2

V ~ 71,'" exponentially large and 7; =InV
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Large volume models

Large volume models - swiss cheese structure

o If the volume of X is given in form V = Tg’/z - 271.3/2 there

exists a non-susy minimum in the F-term potential with

VY~ 72/2 exponentially large and 7, ~InV
@ Prominent example: IP’?171’176’9][18] with V ~ 7'2/2 — 722 Here

the F-term potential reads:

A\/Ts€ 23Ts  [i7e TS n v

Ve ~ =z
F v V2 V3

Sebastian Moster Instanton effects in chiral large volume scenarios



Large volume models

Large volume models - swiss cheese structure

o If the volume of X is given in form V = Tg’/z - 271.3/2 there
exists a non-susy minimum in the F-term potential with

VY~ 72/2 exponentially large and 7, ~InV

@ Prominent example: IP’?171’176’9][18] with V ~ 7'2/2 — 722 Here
the F-term potential reads:
A\/?se_zasTs - n v
1% V2 V3

o In the large volume limit, this has a minimum at order V~3:

AlogV _ wlogV L v

V3 V3 V3

Ve ~

Ve
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Large volume models

volume models - swiss cheese structure

o If the volume of X is given in form V = Tg’/z - 271.3/2 there
exists a non-susy minimum in the F-term potential with

VY~ 72/2 exponentially large and 7, ~InV
@ Prominent example: IP’?171’176’9][18] with V ~ 7'2/2 — 722 Here

the F-term potential reads:

A\/?se_zasTs - v
V BT

Ve ~

o In the large volume limit, this has a minimum at order V~3:
Vi ~ AMWiogV  plogV e
V3 V3 V3
@ D7-branes supporting the MSSM wrap also the “small” cycle.
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Instantons and chirality

E3-brane instantons

From instanton calculus for charged zero modes (Blumenhagen,
Cveti¢, Weigand; Ibdfiez, Uranga) we know:
@ To guarantee a contribution to the superpotential:

dim H(Dgs, ©) = dim H?(Dgs3, ©) = 0
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E3-brane instantons

From instanton calculus for charged zero modes (Blumenhagen,
Cveti¢, Weigand; Ibdfiez, Uranga) we know:
@ To guarantee a contribution to the superpotential:

dim H(Dgs, ©) = dim H?(Dgs3, ©) = 0

o If space-time filling D7-branes are present, chiral intersections
counted by

Z=N /D alg=w /X c1(£) A [Dpr] A [Des]

generate contributions to the superpotential in the form

W ~ [N;d;]e Smst
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Instantons and chirality

E3-brane instantons

From instanton calculus for charged zero modes (Blumenhagen,
Cveti¢, Weigand; Ibdfiez, Uranga) we know:
@ To guarantee a contribution to the superpotential:

dim H(Dgs, ©) = dim H?(Dgs3, ©) = 0

o If space-time filling D7-branes are present, chiral intersections
counted by

Z=N /D alg=w /X c1(£) A [Dpr] A [Des]

generate contributions to the superpotential in the form
W ~ [M;d;]e Snst

e If D7 supports the MSSM, we demand (®gp) = 0, avoiding a
contribution to W of the form above.
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Instantons and chirality

E3-brane instantons

o If E3 lies on top of D7, one gets a ADS like contribution to W:

W -
dets [q)?q)c,f’]

efsinst

assuming that we are on the Higgs branch.
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Instantons and chirality

E3-brane instantons

o If E3 lies on top of D7, one gets a ADS like contribution to W:

W -
dets [q)?q)c,f’]

efsinst

assuming that we are on the Higgs branch.

@ If D7 supports the MSSM, this would break the flavour gauge
group completely
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Instantons and chirality

E3-brane instantons

Conclusion:

@ In order to freeze a Kahler modulus, the cycle the E3
instanton is wrapping should not have any charged zero
modes under the MSSM gauge symmetry
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MSSM brane.
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E3-brane instantons

Conclusion:

@ In order to freeze a Kahler modulus, the cycle the E3
instanton is wrapping should not have any charged zero
modes under the MSSM gauge symmetry

@ For phenomenological reasons, it cannot lie on top of the
MSSM brane.

e Consequence: we cannot generate a contribution to W of the
form

W ~ Ae~ Tsm
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Instantons and chirality

E3-brane instantons

Conclusion:

@ In order to freeze a Kahler modulus, the cycle the E3
instanton is wrapping should not have any charged zero
modes under the MSSM gauge symmetry

@ For phenomenological reasons, it cannot lie on top of the
MSSM brane.

e Consequence: we cannot generate a contribution to W of the
form

W ~ Ae~ Tsm

= VF is independent of Tgy, and thus cannot be fixed!
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Instantons and chirality

@ For the realisation of the MSSM, consider stacks of N,
D-branes with line bundles £, wrapping Dsyp.
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@ For the realisation of the MSSM, consider stacks of N,
D-branes with line bundles £, wrapping Dsyp.

@ Such chiral D-brane models generically contain anomalous
U(1)’s.
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Instantons and chirality

@ For the realisation of the MSSM, consider stacks of N,
D-branes with line bundles £, wrapping Dsyp.

@ Such chiral D-brane models generically contain anomalous
U(1)’s.

@ These are cancelled by gauging the axionic shift symmetry
leading to D-term potential

K 2
1 (a) 2
Vp = E E :Q, o2 —
with Fl-terms

1
€, = V/Xcl(ﬁa)/\ [Deui] A J
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Instantons and chirality

o The D-Term is generically of the order V2
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Instantons and chirality

o The D-Term is generically of the order V2

@ In order not to destabilise the large volume vacuum found at
order V73, require Vp =0
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Instantons and chirality

o The D-Term is generically of the order V2

@ In order not to destabilise the large volume vacuum found at
order V73, require Vp =0

e Remember: & ~ [, c1(La) A [Dsm] A J
Hope: since J depends implicitly on all Kahler moduli, the
condition Vp = 0 fixes the so far unconstrained modulus Tgp

at O(Vol(Dinst)).
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Instantons and chirality

Programme

@ Find a CY of swiss-cheese type allowing one large four-cycle
and at least two small ones.
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Programme

@ Find a CY of swiss-cheese type allowing one large four-cycle
and at least two small ones.

@ Define an orientifold projection.

© Freeze the cmplx. struct. and dilation moduli by a Gs-form
flux.
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and at least two small ones.
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flux.

@ Introduce magnetised D7-branes supporting the chiral MSSM
spectrum (and hidden ones such that the tadpole conditions
are satisfied).
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© Freeze the cmplx. struct. and dilation moduli by a Gs-form
flux.
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© Now classify all E3-instantons in this setup which contribute
to W (rigid, no chiral and vector-like zero modes with D7s).
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Instantons and chirality

Programme

@ Find a CY of swiss-cheese type allowing one large four-cycle
and at least two small ones.

@ Define an orientifold projection.

© Freeze the cmplx. struct. and dilation moduli by a Gs-form
flux.

@ Introduce magnetised D7-branes supporting the chiral MSSM
spectrum (and hidden ones such that the tadpole conditions
are satisfied).

© Now classify all E3-instantons in this setup which contribute
to W (rigid, no chiral and vector-like zero modes with D7s).

© Minimize Vg 4+ Vp and analyse, if the Kahler moduli are
stabilised inside the Kahler cone.
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An example

The manifold

We consider the resolution of PE‘17373,375][15].
(] h11 = 3, h12 =75
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An example

The manifold

We consider the resolution of PE‘17373’375][15].
(] h11 = 3, h12 =75

@ The volume can be expressed as

2
V= 5 ((57'5 + 376 + 77)%/% — (575 + 376)%% — ?7’53/2)
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An example

The manifold

We consider the resolution of PE‘17373’375][15].
(] h11 = 3, h12 =75

@ The volume can be expressed as

2

V= 5 ((57'5 + 376 + 7'7)3/2 — %(57’5 —+ 37’6)3/2 — ?7’3/2)

@ The “swiss-cheese”-structure can best be seen in a “diagonal
basis”

2 (372 132 5 32
V= 45(Ta T3 T TC)
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An example

Rigid cycles

In order to contribute to W, the E3-instantons should be rigid, i.e.

H°(D,0p) =1, HY(D,0p) = H*(D,0p)=0

@ A necessary condition for this is x(D,Op) = 1. We found five
candidate cycles with wrapping numbers

(m, n, 1) ={(1,0,0),(1,1,0),(2,1,0),(2,2,0), (12,11,0)}
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Rigid cycles

In order to contribute to W, the E3-instantons should be rigid, i.e.

H°(D,0p) =1, HY(D,0p) = H*(D,0p)=0

@ A necessary condition for this is x(D,Op) = 1. We found five
candidate cycles with wrapping numbers

(m,n, 1) ={(1,0,0),(1,1,0),(2,1,0), (2,2,0), (12,11,0)}
@ The first four four-cycles have really H*(D,Op) = (1,0,0).
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An example

Rigid cycles

In order to contribute to W, the E3-instantons should be rigid, i.e.

H°(D,0p) =1, HY(D,0p) = H*(D,0p)=0

@ A necessary condition for this is x(D,Op) = 1. We found five
candidate cycles with wrapping numbers

(m, n, 1) ={(1,0,0),(1,1,0),(2,1,0),(2,2,0), (12,11,0)}

@ The first four four-cycles have really H*(D,Op) = (1,0,0).

@ The cycles {(1,1,0),(2,1,0),(2,2,0)} are singular, but we
allow E3-instantons to wrap also those
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An example

Branes and instantons

@ We choose two stacks of D7-branes wrapping the rigid
four-cycles

1
Dp7, = Ds + Dg = g(Db —2D.), Dp7, =Ds= D,
with line bundles

1
La= §(2Db + 5DC), Lg=0
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Branes and instantons

@ We choose two stacks of D7-branes wrapping the rigid
four-cycles

1
Dp7, = Ds + Dg = g(Db —2D.), Dp7, =Ds= D,

with line bundles

L= %(2Db + 5DC), Lg=0

@ This is globally consistent (no anomalies + tadpoles).
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Branes and instantons

@ We choose two stacks of D7-branes wrapping the rigid
four-cycles

1
Dp7, = Ds + Dg = g(Db —2D.), Dp7, =Ds= D,

with line bundles

L= %(2Db + 5DC), Lg=0

@ This is globally consistent (no anomalies + tadpoles).
o Consider the E3-instanton wrapping the the rigid four-cycle

Des = 2Ds + Dg = §(Dp + Dc)
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Branes and instantons

@ We choose two stacks of D7-branes wrapping the rigid
four-cycles

1
Dp7, = Ds + Dg = g(Db —2D.), Dp7, =Ds= D,

with line bundles

L= %(2Db + 5DC), Lg=0

@ This is globally consistent (no anomalies + tadpoles).
o Consider the E3-instanton wrapping the the rigid four-cycle

Des = 2Ds + Dg = §(Dp + Dc)

@ No chiral zero modes on D7-E3 intersections.

Sebastian Moster Instanton effects in chiral large volume scenarios



An example

Branes and instantons

@ We choose two stacks of D7-branes wrapping the rigid
four-cycles

1
Dp7, = Ds + Dg = g(Db —2D.), Dp7, =Ds= D,

with line bundles
1
La= §(2Db + 5DC), Lg=0
@ This is globally consistent (no anomalies + tadpoles).

o Consider the E3-instanton wrapping the the rigid four-cycle
Des = 2Ds + Dg = §(Dp + Dc)

@ No chiral zero modes on D7-E3 intersections.

@ Possible vector-like bosonic and fermionic zero modes could
be removed by discrete Wilson lines or discrete replacement of
D7 or E3
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An example

Scalar potential

o for the F-term potential, we find:

A AT e, 2
\/F:g(,/s,]—b_i_\/,]—*c)e 3(b+c)_%(7-b+7—c)e 3(b+c)+7
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An example

Scalar potential

o for the F-term potential, we find:

A AT e, 2
\/F:g(,/s,]—b_i_\/,]—*c)e 3(b+c)_%(7-b+7—c)e 3(b+c)+7

@ and for the D-term potential:

Vo~ (V57— /)

V2 1y — 27,
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An example

Scalar potential

o for the F-term potential, we find:

A AT e, 2
\/F:g(,/s,]—b_i_\/,]—*c)e 3(b+c)_%(7-b+7—c)e 3(b+c)+7

@ and for the D-term potential:

g
Vp ~ — V57T — /Tp)?
D= V21, —27‘C( 57c = V/Tb)

@ Vg + Vp has indeed a minimum at large V and 7; =~ log V!
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An example

Scalar potential

o for the F-term potential, we find:

A 7417' T 72771-7 T
VE ~ 9(\/571,—#— \Tc)e 3 (rotre) _ %(Tb +7c)e” 3 (rotre) 4 V3

@ and for the D-term potential:

g
V, V5Te — /Tp)?
b= V2 1 —27‘C( 5Tc = V/Tb)

@ Vg + Vp has indeed a minimum at large V and 7; =~ log V!

@ Example with plausible values for A, i, v, o:

T~ 1.64, T.~033, Var/?a2.15x 10
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An example

Scalar potential

3x10" 275 x10' 25 x10'° 225 «10'® 2x10' 175 x10'®

Vol

V(V, 1) for 7« = 0.33.
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An example

Scalar potential

o
<0 ‘\\ ‘W
S0 \\\\\ \ ' A

A
\\Q\ \\\“ .\‘ "'n'

451079 "‘Q‘\\ \\\\\\“‘t ‘W
N \ e
N ‘ n:..- 2
2x10° RN o
A SR \\“\:.;»-'%
o /s
162
~4x10"? g
3 ,
-2x10 163
a 4
th-5tc 2 o
2x10° /18
3
J
4x10° >

V(7p, 7c) for V = 2.15 x 101°.
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An example

Conclusion

@ The “modular approach” in model building is not consistent:
Kahler moduli stabilisation and introduction of a chiral matter
sector cannot be discussed separately.
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@ In presence of a chiral D7-brane sector, not all Kahler moduli
can be fixed with the F-Term potential alone.
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@ The “modular approach” in model building is not consistent:
Kahler moduli stabilisation and introduction of a chiral matter
sector cannot be discussed separately.

@ In presence of a chiral D7-brane sector, not all Kahler moduli
can be fixed with the F-Term potential alone.

@ On the other hand, if a chiral D7-sector is present, the
D-Term — as being of the order V™2 — must not be neglected.
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@ The “modular approach” in model building is not consistent:
Kahler moduli stabilisation and introduction of a chiral matter
sector cannot be discussed separately.

@ In presence of a chiral D7-brane sector, not all Kahler moduli
can be fixed with the F-Term potential alone.

@ On the other hand, if a chiral D7-sector is present, the
D-Term — as being of the order V™2 — must not be neglected.

@ Taking into account F- and D-terms allows to fix all Kahler
moduli.
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An example

Conclusion

@ The “modular approach” in model building is not consistent:
Kahler moduli stabilisation and introduction of a chiral matter
sector cannot be discussed separately.

@ In presence of a chiral D7-brane sector, not all Kahler moduli
can be fixed with the F-Term potential alone.

@ On the other hand, if a chiral D7-sector is present, the
D-Term — as being of the order V™2 — must not be neglected.

@ Taking into account F- and D-terms allows to fix all Kahler
moduli.

@ As a proof of concept, we presented a toy model on the CY
4
IP>[1,3,3,375][15]'
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