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Introduction

Non-perturbative effects are crucial in a proper understanding
of string compactifications

e moduli stabilization

e generation of perturbatively forbidden couplings
e supersymmetry breaking

e destabilizing effects

for stringy instantons to contribute to the superpotential
should exhibit only two fermionic zero modes

generic instanton carries 4 fermionic zero modes
How do we get rid of undesired zero modes?

e Orientifold projection

o fluxes

e lifting via integration over bosonic modes
e instanton recombination
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U(1) Instanton zero modes
Type IIA: E2-instanton wrapping sLag 3-cycle = in the CY

~+ pointlike In space-time
uncharged zero modes E2-E2 sector

® xuv 6061 ?Oé

e b1(Z) chiral multiplets C* = (¢*, x%,) and their
anti-chiral partners (C' = (¢, %%))

® m, M, lta, [t at intersections of = and =
zero mode |  (Qg)o.. Multiplicity
m,m | (2)1,(=2)-1 | 5 (2 0E+Tlpg0E)
i (<212 | L(F 0T+ Tog03)
% 21y | L(Eoz-Tgs05)
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U(1) Instanton zero modes

charged zero modes E2-D6 sector

e project onto states odd under GSO-projection

e generically no bosonic zero modes

e chiral fermionic zero modes \,, A\, at intersections of

= and a, a

zero modes Reps number
Aol (—1g,0,) | I=1,...,[ENII,]"
Na.T (1g,0a) | I=1,...,[ENI1l,]”
AN/ T (—1g,0u) | I=1,...,[ENIL]T
Ao/ 1 (1g,0,) | I=1,...,[ENIl]~

Qu(E2) =N, Zo (11, — II))
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Orientifold action for E2’s

(1) internal oscillator part same as in D6-brane case

(2) space-time excitations are transverse to the
E2-instantons

(2a) additional minus sign for bosonic excitations in 4D

(2b) additional factor I''?%4 for fermionic zero modes
1234 ga (SO‘) _ 1(_1)

(3) TQF,D6 = i7£57D6 <~ VO7,E2 = $7£5,E2

for O6~-plane: Q, = QL Qg = Q) Q= —OL
o7 __oT o7
Q=0T Q=0T 0 =0f
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Instanton recombination

generic U(1) instanton exhibits non-desired 7-modes

by analogy with D6-branes, = U Z' might recombine into =
invariant under Orientifold ~~ chance to get rid of 7-modes.

U(1)g-charge: > Qr(\) =Y, Ny (Il +1ly) 0= = 41lpg0 =

for global consistency, in case IIpg o = % 0 need additional
charged zero modes

~» ensures U(1)g invariant instanton measure
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Instanton recombination

simplest case: SoZ =1Ilpgo= =1

/d/\/l /d4azd2 0d> T dm dm d2 HdAbHA
e

E—

QE——4

Key couplings: Sgo = (2mm — €)% + m7au®
for £ > 0 modes m tachyonic ~+ instanton recombination

bosonic modes constraint by D-term mm = %f

with m74n¢ we can always pair up 7 and 77 modes

[dM = [d*xd?0 T],d\o [T, dNs [ dlm]|m|? 6 (|m|? — £/2)
no way to soak up the 4 additional \;, modes
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Instanton recombination

non-chiral £2 — E2' intersection ~~ no access of \'s required
ENnZT=E"NnZ" =1, [lpgNZ]T =[llpgNE]” =1

zero mode | (Qg)g,. |zeromode | (Qg)Q..
m,m (2)1 ,(—2)_1 n,n (—2)1 ,(2)_1
pe (—2)1/2 v (2)1/2
[dM = [ d*x d*0d*T dm dm d*pdn dnd?v ], d\y [1, d)a

Sko = (mm — nn)? + 74 (mﬁd — n?%

no coupling mmuv V! opposite to Uranga's case
D-term constraints m = n
—d

AIM = [ d*cd20d>F dm dm 2T [T, d T1. dha
b a
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Instanton recombination
[dM = [ d*x d*0d*F dm dm d*T [T, dNy [1, dMa

measure of an O(1)instanton with one deformation mode

~> Superpotential contributions or higher fermionic F-terms
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Superpotential contributions

O(1)-instanton with one deformation mode

zero modes: 7/, 0%, ¢, ¢, \°

measure: [ d*zd?0 dede d*x

fermionic zero modes can be soaked up by Yx A\ @\,
(0)
Qo)

_(-1/2)
A(-1/2

_(-1/2)
X(1/2) X(1/2)
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H-point amplitude

e background is T® = T2 x T? x T*?
e non-rigid O(1) instanton

( 1) (0)

_( 1/2‘ (-1/2) _( 1/2‘ (-1/2

_( 1/2) _( 1/2)

e Picture changing operator reduces the WS-charge in one
torus.
e both ¥ have live in different tori

Torus | X | X2 | MPrara | Total U(1) charge
T? || =3 | +3 0 0
7 | +3 | —3 0 0
Ty || +5 | +3| -1 0
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H-point amplitude

A= CE (XX My®raha) fi do [ dy?> 0=zl

_ ' __pi ol _pJ
a1 = =05 — 1, cp =05, — 1, ag = —Opy — 1, co =0py, — 1

pole at x — y which (in case of D6-branes) corresponds to an
exchange of bosonic

< XN ANpPpadg >~ < XN > < NPy \g >

—1 < a;,b; < 0 — no further poles and contact term

The coupling C Y Ay ®pg g exists |
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Higher fermionic F-terms
simple example: b1(Z) =1

measure: [ d*wd*Odcded?y

can generate higher fermionic F-terms a la Beasley Witten

A 20 b—i =j
S=[dxd 0 wiz (P)D @ D@
closed string sector: 7 =T + 60“t, U=U + 0%,

explicit CFT analysis gives couplings:

Oou® X4 Oo+x0, T

obtain: S = [d*zxd?0 ¢ U f.- (T e 2) DT DT’

in case of additional \-modes with coupling < \p®@; )\, >

S = f dz d?0 e U= Hz (I)z'f{)j (6_7;, e_Ai) DdTZTDde
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Higher fermionic F-terms

can also pick up derivative terms involving open strings

relevant couplings: XA WA, Oohx Ap0, 9N
(-1/2) )
Vi P
D Db Da Db
SO BT = AN v
— (-1/2)
¥ 2 X El;LZ/)z ! O )

(112)

with the ones above (& = ¢ + 6v))

S = [d*zd*9 e U3 T, @, fis (e_Ti,e_Ai) DdCI)ZTDQE‘?
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Summary

e discussed the possible lifting of undesired zero modes due
to instanton recombination

e In case of chiral intersection between E2 and E2' we obtain
no superpotential contribution

e for non-chiral intersections between E2 and E2' we get
instanton measure of a O(1) instanton with b;(Z) =1

~> higher fermionic F-terms a la Beasley Witten

~> In generic situations get superpotential
contributions
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