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Motivation

(Perturbative) quantum corrections to effective 
action can be important

if “zero effect” at tree level
(e.g. no-scale structure of potential)

increase possibilities for model building and moduli 
stabilization, cf. “Large Volume Scenario” 

[Balasubramanian, Berglund, Conlon, Quevedo]
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Quantum Corrections

Superpotential 

Gauge kinetic function

W = W tree + W non�pert

Kähler potential

f = f tree + f1�loop + fnon�pert

K = Ktree +
1X
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Kn�loop + Knon�pert



String perturbation theory
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Goal and Method

Goal: Calculate string 1-loop corrections to Kähler
potential    of moduli fields in type I theory K

In applications this would give you direct access
to corrections to the potential   V

Method: 1-loop scattering amplitudes in type I



Complications: 

Result from string amplitudes not in Einstein frame, but
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G̃ĪJ@µ'̄
I@µ'J =

⇣
G(0)

ĪJ
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Thus, string theory gives you (after Weyl-rescaling):
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ĪJ
(')

⌘
@µ'̄

I@µ'J =
@2

⇣
K(0)(�) +K(1)(�)

⌘

@�̄I@�J
@µ�̄

I@µ�J

=) read off K(1)

Upshot: Need 1-loop corrections to 

scalar metric
Einstein-Hilbert term
definition of field variables

(i)

(ii)

(iii)

G̃(1)
ĪJ
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Calculational setup

Aim: read off scalar metric from scalar 2-pt fct. 

2-pt fct. = 0 on-shell 

Trick: use
in intermediate steps [Atick, Dixon, Sen; Minahan;

Antoniadis, Bachas, Fabre, 
Partouche, Taylor;  Antoniadis, 
Kirtsis, Rizos; cf. also Kiritsis, 
Kounnas, ...]

Similarly for gravitons:

Some generalities of the amplitude calculations: 
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[Polchinski, vol. 2]

Example      : Z3

Orientifold: Identify under worldsheet reflection

unoriented eigenstate

⌦ =

1± ⌦
2



Resulting 4D effective action has N = 1

Model contains D9- and D5-branes 
(wrapped around 3rd torus)

In addition to torus, at 1-loop need to calculate:

V

Klein bottle:Annulus: Möbius strip:

V

V

V
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V

All of them have Euler number � = 0



N = 1contribution, if strings twisted along all 3 tori

E.g. annulus:
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Results: Scalar kinetic term

Concretely consider: ⌧ = Im(T3) with

10D dilaton

volume of 3rd torus measured 
with string frame metric

⌧ (0) ⇠ e��V3

Note: e2� = e2�4V

dilaton4D

overall volume measured 
with string frame metric



Results: Scalar kinetic term

Sphere, torus and N = 2 -sectors:

Euler number (48 for Z0
6 )

complex structure of 3rd torus

E2(U) ⌘
X

(m,n) 6=(0,0)

(Im(U))2

|m+ nU |4

Prior results: 

No contribution from disk-level [Lüst, Mayr, Richter, Stieberger]

[Antoniadis, Ferrara, Minasian, Narain; 
Becker, Becker, M.H., Louis;
Berg, M.H., Körs]
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New result: N = 1 sectors

Usual lore: N = 1 sectors less interesting, because they
do not lead to moduli dependent results

normalization of vertex operators
Moduli dependence in N = 1 sectors via:

dilaton factor in Einstein frame

Expect further moduli dependence in N = 1
in presence of world volume fluxes or for branes at 
angles

[Berg, M.H., Kang, Sjörs]
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Results: EH-term
Prior results:

Type II: IIB

IIA

Type I (on             ):K3 ⇥ T 2
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Heterotic string: No 1-loop contribution, i.e. 

This can be understood via

World sheet calculation: integrand of torus & higher
loop graviton 2-point function is total derivative

10D R4-terms

[Kiritsis, Kounnas, Petropoulos,Rizos]

[Antoniadis, Gava, Narain; Kiritsis, Kounnas]
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Type II: 

IIB

IIA{ {
leads to correction 
to 4D EH-term

leads to correction to 4D 
kinetic terms of scalars

Heterotic:

[Gross, Witten; Green, Schwarz; Grisaru, van de Ven, Zanon]

[Cai, Nunez; Gross, Sloan; 
Sakai, Tanii; Abe, Kubota, Sakai]
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How is this compatible with heterotic / type I duality?
[Tseytlin; Green, Rudra]

g(I)µ⌫ = e��hetg(het)µ⌫ , �I = ��het
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New results for  Z0
6 :

from N = 1 -sectors of A,M,K
[M.H., Kang]

from -sectors of A,M,KN = 2

Follows closely a calculation by [Epple]

Generalization to Z6,Z7,Z12Z3 [M.H., Kang] and 
[with Tailin Li, unpublished]
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Results: Field redefinitions
Examples:

Type I (on             ):K3 ⇥ T 2

[Antoniadis, Bachas, Fabre,
 Partouche, Taylor] open string scalars (cf. inflation in 

                              string theory)

Type II on CY:
[Antoniadis, Minasian, 
Theisen, Vanhove]
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Determine form of 1-loop field redefinitions using:

Kählerness of metric

Shift symmetries

Ansatz for 1-loop correction of metric 
(dependence on volume moduli and dilaton)



Tree level coordinates:
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In principle one can calculate 1-loop corrections to 
metric using well-known vertex operators for    , 
and RR-fields
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Ansatz for 1-loop correction of metric: (motivated by 
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E.g. (for      )

A,M,K
N = 2

{

T ,A,M,K
N = 1

analog of correction by
[Antoniadis, Bachas, Fabre,
 Partouche, Taylor]
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[M.H., Kang]



Conjecture for Kähler potential of dilaton
and untwisted moduli for              (up to 1-loop):   T 6/Z0
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(follows from relations 
between different 
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Outlook
Work out coefficients in    and field redefinitions K

Applications to string model building?

Additional field redefinitions from    -corrections?  ↵0

[Antoniadis, Minasian, Theisen, Vanhove;  Grimm, Savelli, Weissenbacher]

Check correction to EH-term at disk level
[Green, Rudra]



Хвала!



All the best for the future!


