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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]



N =1, d =4 Supergravity
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® Kahler potential K

® Gauge kinetic function f;

e Superpotential W



Quantum Corrections

e Superpotential W = W' 4 pyron—pert
® Gauge kinetic function f = f" + fl17100P 4 fron-pert

O Kah|e|~ pOtentiaI K — Ktree 4 ZKn—loop 4 Knon—pert

n=1



String perturbation theory



Goal and Method

® Goal: Calculate string |-loop corrections to Kahler
potential K of moduli fields in type | theory

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

® Method: |-loop scattering amplitudes in type |



Complications:

® Result from string amplitudes not in Einstein frame, but
1
S = = /d4x\/—g (14 dE)=%R + kinetic terms|

Need Weylrescaling: ¢, = (1+6E)g.,

- ;Q:Q

— kinetic terms multiplied by 0?

® String theory naturally calculates

Cri0u'0" 0" = (GO0) + G () 0up" 0

with @ = ¢! (p)
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® Thus, string theory gives you (after VWeyl-rescaling):

Gri0u'0"0" = (GO(0) + G () 0up" 0"

) - -
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® Suppose G}/ (¢)d.p" 0" = ST Ok OO 5H )7 (%)
then in general G'()d,p'0"p” # PED(QD) o 501 gisp(0)
8 wP P T SO (0 OH

e Solution: ! = &!(p) = V() + WM (yp)

—> Get additional contributions to the |-loop metric
from inserting ¢(© = &/ — M7 into () such that
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(Gf])(s&) + Gy, (90))(%015’“90‘] =

— read off K1)

® Upshot: Need |-loop corrections to

(i) scalar metric GY)(y)
(it) Einstein-Hilbert term JE
(77) definition of field variables "7 ()



Calculational setup

Some generalities of the amplitude calculations:

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

e 2-pt fct. = 0 on-shell

® Trickiuse p1 +p2 70 <= A=p1-p2 70
in intermediate steps [Atick, Dixon, Sen; Minahan;

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

¢ <90’L<70]> — )‘G’LJ + O()\2) Kounnas, ...]

e Similarly for gravitons: (hh) ~ §Ep5e1,,1n"7 €24 ,D)
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® Example 7Z;:

-}
y ° [Polchinski, vol. 2]

® Orientifold: ldentify under worldsheet reflection
Q) = |omer)

1+ €
2

|<r$«°> unoriented eigenstate



® Resulting 4D effective action has N =1

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

® |n addition to torus, at |-loop need to calculate:

Annulus: Mobius strip: Klein bottle:

v

All of them have Euler number x =0



projection operator
® E.g. annulus: on orbifold invariant states

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



Results: Scalar kinetic term

10D dilaton

N\,

Concretely consider: 7 = Im(73) with 7% ~ e *V3

/

volume of 3rd torus measured

with string frame metric
4D dilaton

\

Note: 2% = ¢2%4))

/

overall volume measured
with string frame metric



Results: Scalar kinetic term

Prior results:

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

® Sphere, torus and N = 2 -sectors:

(0 _ 1 ( Xj/ Euler number (48 for Zj)
B 4(7(0))2

~(1 20, ( X Vo
G e ((T 2 (T<0>) N R Ol 1/U2))
/ [Antoniadis, Ferrara, Minasian, Narain;

complex structure of 3rd torus

U 4
mmzo0 MU

Becker, Becker, M.H., Louis;
Berg, M.H., Kors]




® New result: N/ = 1sectors [Berg, M.H., Kang, Sjors]

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

® Moduli dependence in N =1 sectors via:

* normalization of vertex operators
* dilaton factor in Einstein frame

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



* For 7=1Im(73) in Z; from A, M, K: [Berg MH. KangSjors]

~ 3.197-10*
~(1) o, O (Ej 1
e = 355 ()
2nd Clausen function Cly () = Z Sin}iljéﬁ)

® This is a correction to the usual torus contribution

206, X
(r0)?
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Results: EH-term

® Prior results:

w T)Ipe [I: [Antoniadis, Ferrara, Minasian, Narain] 1IB
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w T)/Pe | (On KS X Tz): [Antoniadis, Bachas, Fabre, Partouche, Taylor]
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from A, M, K



* Heterotic string: No |-loop contribution, i.e.

1
2

G(het) _ % d4x\/?g|:€—2<b4 (1 I XC(S))]

v + ...

[Antoniadis, Gava, Narain; Kiritsis, Kounnas]

This can be understood via

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

[Kiritsis, Kounnas, Petropoulos,Rizos]

e 10D R*-terms



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

/ 1B
(C(3)e™*% + %2)t8t8R4 — (C(3)e™** £ 7T72)6106101'%4

AN

A
- -
leads to correction to 4D leads to correction
kinetic terms of scalars to 4D EH-term

® Hete rotic: [Cai, Nunez; Gross, Sloan;
Sakai, Tanii; Abe, Kubota, Sakai]

(C(3)e > + %Q)t8t8R4 —((3)e *er0€10 R



®* How is this compatible with heterotic / type | duality?
[ Tseytlin; Green, Rudra]

g/SIV) = e_q)hetg;%et) , P =—Ppe
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e Possible answer: S(*¢%) in 10D contains
[Green, Rudra]

\/g(het)e_q)het/zj()Eg/Q(€_q)h€t) _ \/g(het) %2_’[2

* J() — t8t8R4 — %610610}34

* Lo = —%610610}34 - ...

* 30 = C(S)e_g/mhet + %26%6’5/2 + non — pert.
S-duality invariant
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®* How is this compatible with heterotic / type | duality?
[ Tseytlin; Green, Rudra]

g/SIV) = e_q)hetg;%et) , P =—Ppe

e Possible answer: S(*¢%) in 10D contains
[Green, Rudra]

\/g(het)e—q)het/2 JOEB/Q(Q_(I)het) _ \/g(het) 77_2_’[2
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* Jo=tgtsR* — Lepero R’ Disk leve !/

Disk level correction
to 4D EH-term?

* Lo = —%610610}%4 - ...

* 30 = 6(3)6—3/2%@ + %26%6’5/2 + non — pert.
S-duality invariant



® New results for Zg: [MH,Kang]
from N = 1-sectors of A, M, K

X 2 D /7T

(27)3 (2<(3> i %62¢4> e e Ol <§)

0F =

6472’ 1272/ 3Vs

D
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2(Us) Vo 2(U2) A2l

(»6 25672 { V3

from N = 2-sectors of A, M, K

EQ(_l/UQ)}

e Follows closely a calculation by [Epple]

e Generalization to Zs MH.kang and Zg, Z-, 715
[with Tailin Li, unpublished]



Results: Field redefinitions

® Examples:

Eo(U
* Typel (on K3 x T?): 7= % 4 A% 5 3E1>V)
[Antoniadis, Bachas, Fabre, / c

Partouche, Taylor]

open string scalars (cf. inflation in
string theory)

#* Type Il on CY: em2%1 — 2% (1 + a% 1 )

[Antoniadis, Minasian,
Theisen,Vanhove] ~
V (




Determine form of /-loop field redefinitions using:

* Kahlerness of metric
* Shift symmetries

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



® Tree level coordinates:

» TV =0 i), =123
/ \
component of 6_(I>Vj‘\ |
RR 2-form C, volume of j-th torus
along j-th torus (in string frame metric)

* TO(O) = c(()o) + 1T, <O)

SN

—d
dual to C,,, Ve overall volume

e Tree level Kahler potential:

0
K= — Zln( T _ <O)> = G5~ (é‘)]
(177)?




® |n principle one can calculate |-loop corrections to
metric using well-known vertex operators for V;, ®,

and RR-fields

® Express theseOSafter Weyl-rescaling to Einstein frame)

in terms of c( : (0) via

20 _ b0 | T
VH?ZOTP S T
® Result:
L =G 0.0 )00 + G o o), o7

G independent of ¢?) due to perturbative shift symmetry



£ — Gcgo)cgo) (T(O))a/ﬁcg)) 8’uce(]0) —I_ GTI(O)7§0) (T(O))aﬂTf(O)ﬁuTegO) (*)

e Aim: Find variables

Ty = cgo) cgl)(c(o), 7'(0)) i(T}O) 7'](1)(6(0), T(O)))

such that (x) becomes

£ — KIJQMT[@“TJ



o Shift symmetry of c,i.e. K = K(7),implies:

T =c-+r1

|

1
* Kp70, TO*T = ZKTT(QLC@“C 0, TO"T)

(2) Gcm‘j =0
3 1 9°K
(47) GnTj — 487’1‘87}’ A

(Z?/L) aTk; GCiCj - aT,L. chck — aTj Gckjc@'

* cgl) =0



Ansatz for |-loop correction of metric: (motivated by
string amplitudes)

(1) o
o N/ =1": GT<o>T<o> — QI 0) (o)
I 'J Tr TJ
o N =2 (1) e " ”
_ . GT(O)T(O) _ OEG Z Oé[J (Ul)vl
1 Tg Tr TJ N =2—sectors

(similarly for Ggg)cgo) )

n = —1: Closed string winding state exchange

n = +1: Closed string KK state exchange



® Eg (fOI" Zg ) [M.H., Kang] Tu

1
7O _ F©) >

0 (0 0 (0 0 (0
(1" = T")(1” = TONT” - 157)

0Ty = al\

(T3 — T3 By (Us)

Ta2——ry —(0 0 — (0
(1" = TN~ 1,7)

Ey(—1/U)
(n” -1")

+as

analog of correction by

[Antoniadis, Bachas, Fabre, N —
Partouche, Taylor]

Coefficients determined by string theory



Conjecture for Kahler potential of dilaton
and untwisted moduli for T6/Zg (up to |-loop):

K =—In(Ty — Tp) — In[(Ty = T0) (T — To)(Ts — T3)] — In(Usy — Us)

< SQ

E5(Us) FEs(—1/Us) FE5(Us)

-Co i i

(T, —To)(Ty —Ty) (T —Th)(Ts —Ts)  (Ts — Ts)(Tp — Tp)

1 \/A,/\/I,IC
V(T1 —Ty)(Ty — To)(Ts — T5)(To — To) N =2

-Cs




Conjecture for Kahler potential of dilaton
and untwisted moduli for TG/Zg (up to |-loop):

K =—In(Ty — Tp) — In[(Ty = T0) (T — To)(Ts — T3)] — In(Usy — Us)

< SQ

E5(Us) FEs(—1/Us) FE5(Us)
(T, —To)(Ty —Ty) (T —Th)(Ts —Ts)  (Ts — Ts)(Tp — Tp)

-Cs ! \_/A,M,]C
V(T1 —Ty)(Ty — To)(Ts — T5)(To — To) N =2

/ Note: | x(1) — 8V12G§211)V1 (follows from relations

between different
N =1 [M.H., Kang] metric components)

-Co




Outlook

e Work out coefficients in K and field redefinitions

e Additional field redefinitions from o’-corrections!?

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

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

® Applications to string model building?






All the best for the future!



