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KKLT in a nutshell

Setup
e Take Type IIB on an O3/07 CY3-orientifold X with hfr’l =1

e A divisor D C X supports SU(N.) D7-brane gauge theory with
no matter.

e Resulting 4d effective supergravity consists of the following data

O Closed string sector moduli : T, &,, and 7.
o Kaéhler potential

k3K = —3log(T + T) — log(—i(T — 7)) — log(i/e_4AQ A Q).
o Tree-level superpotential

Wtreeiﬂ/G/\Q.

Gukov, Vafa, Witten 99

o D7-brane gauge theories.



KKLT in a Nutshell

Claims

e Below KK and complex structure mass scale, the effective
supergravity theory consists of the following data
o Kaéhler modulus 7.

o Kahler potential N
k3K = —3log(T + T).

o Superpotential
W = Woy + Whyp,

where Wy := (7 [ G AQ), Wy = A?Vc — Ae—27T/Nc
Assumptions
o W < 1.

e Exist a strongly warped region, where e*4 < 1, in X that is far
away from the gaugino condensation.

Outcome
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e The effective theory exhibits a supersymmetric AdSy vacuum.
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KKLT in a Nutshell

Claims

e Below KK and complex structure mass scale, the effective
supergravity theory consists of the following data
o Kahler modulus 7'
o Kahler potential
kIK = —3log(T + T).
o Superpotential
W = WO + Wnp7

where Wy := (7 [ GAQ), Wyyp := A?Vc — Ae—27T/Nc,
e p anti-D3-branes in the strongly warped region add energy

2p,u3 e4A—12u

Assumptions
o Wy < 1.

e Exist a strongly warped region, where e*4 < 1, in X that is far
away from the gaugino condensation.

Outcome
o V = Vg + 2pus e*A=12% exhibits a metastable dS; vacuum.



Some of the Issues with KKLT

that I will not address :
Is small W, achievable?

Can there be a strongly warped region?

e Are anti-D3-branes even well described in supergravity?

Is there even a single example of CY3 orientifold that provides :
small Wy, strongly warped region, W,,,?

Giryavets, Kachru, Tripathy, Trivedi 03, Denef, Douglas 04, Denef, Douglas, Florea, Grassi, Kachru
05, Bena, Grana, Halmagyi 09, Dymarsky 11, Banks 12, Bena, Giecold, Grana, Halmagyi, Massai 11,
Bena, Grana, Kuperstein, Massai 14, Michel, Mintun, Polchinski, Puhm, Saad 14, Cohen-Maldonado,
Diaz, Van Riet, Vercnocke 15, Armas, Nguyen, Niarchos, Obers, Van Riet 18, Obied, Ooguri,
Spodyneiko, Vafa 18, Bena, Dudas, Graifia, Liist 18, Blumenhagen, Klawer, Schlechter 19, Blaback,

Gautason, Ruipérez, Van Riet 19

[cf. talks by Wrase, Van Riet, Niarchos, Underwood, and Moritz]



Question I Will Adress

Can there be any overlooked 10D corrections to 4d EFT that can
spoil the dS vacuum even if there is X with the desired properties?

Moritz, Retolaza, Westphal 17, Hamada, Hebecker, Shiu, Soler 18, Gautason, Van Hemelryck, Van
Riet 18, Carta, Moritz, Westphal 19, Gautason, Van Hemelryck, Van Riet, Venken 19, Hamada,

Hebecker, Shiu, Soler 19, Bena, Grafia, Kovensky, Retolaza 19, Kallosh 19

[cf. talks by Van Riet, Niarchos, Kovensky, Shiu, Underwood]



Towards 10D Description of KKLT

Plan

Set up the equation that relates R4 to 10D 1}, .
Derive the D7-brane gaugino action.

Compute R4 and T of (AX) from 10 dimensions.
Study anti-D3-brane’s backreaction on the geometry.
dS uplift with an anti-D3-brane.
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Equations of Motion

e Take the ansatz
d82 _ GABdXAdXB _ 6_6u(x)+2A(y)guydl’“dl‘y-ﬁ-€2u(m)_2A(y)gabdyadyb,

Fy = (14 %10)e 2da A dz® A dat A da® A da®.



Equations of Motion

e Take the ansatz

d82 _ GABdXAdXB _ e—6u(3:)+2A(y)guydxltdxv+e2u(m)—2A(y)gabdyadyb,

Fy = (14 %10)e 2da A dz® A dat A da® A da®.

e Trace reversed Einstein equations plus Bianchi identity

2678u

Re —

(]

—8u—8A

MRy = —/

—4AmDT7 —12u+4A
x [e Tu'g"" = 8use™ > o + —;

10

2
Klo

0_|2

where &_ = 44

— a and pp7 is anti-D3-brane charge density. This

precisely matches the equation derived by Giddings and Maharana 05.
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where &_ = 44

— a and pp7 is anti-D3-brane charge density. This

precisely matches the equation derived by Giddings and Maharana 05.

e Should understand the D7-brane gaugino action to compute Tlﬁ),?.
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D7-brane Gaugino Action

e D7-brane gaugino action up to four-fermi term was predicted
with consistency checks.

Hamada, Hebecker, Shiu, Soler 18, Kallosh 19
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e We derive the D7-brane gaugino action using T-duality between
Type I and Type IIB string theories.

e Take gaugino action of Type I supergravtiy on 772.

Bergshoeff, de Roo, de Wit, van Nieuwenhuizen 82, Dine, Rohm, Seiberg, Witten 85

e Perform T-duality and SL(2,Z) covariantize the action.

4 e?/? _ - _
S e = = M7/ [6 *XT*Dox — ﬂXFABC(FAch + e ?Hapcos)x
R7-1

1 _ 2
+@ (XFABCle) )

X is 32-component Majorana fermion and ¢ is the volume of T?/Z,.

10



Spinor Ansatz

Decompose x into 4d Weyl spinor A and 6d Weyl spinors 71, 12.

e Gaugino condensation backreacts on the geometry.
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Spinor Ansatz

Decompose x into 4d Weyl spinor A and 6d Weyl spinors 7y, 7s.

e Gaugino condensation backreacts on the geometry.

e To encode the backreaction, take dynamic SU(2) structure.
Grafia, Minasian, Petrini, Tomasiello 05, Koerber Martucci 07, Dymarsky, Martucci 10,

Heidenreich, McAllister, Torroba 10

mm = nyne = e,

7:6“9+A

mm = cos p(y),
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Spinor Ansatz

Decompose x into 4d Weyl spinor A and 6d Weyl spinors 71, 12.
e Gaugino condensation backreacts on the geometry.
e To encode the backreaction, take dynamic SU(2) structure.
Grafa, Minasian, Petrini, Tomasiello 05, Koerber Martucci 07, Dymarsky, Martucci 10,
Heidenreich, McAllister, Torroba 10

nim = nine = e,

i)+ A

nym = ie cos ¢(y),

e ¢ o (AN} describes the backreaction from (A\) on the geometry.

Invariant forms associated to SU(2) structure are expanded as
follows.

P, = —8ie 4 m ® 77; =" (1 — pRes) + O(<p2),

1
Dy = —8ie A ®n; =Q+puA (1 ~ g2 JQ) +0(e):

11
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mm = nyne = e,
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mm = cos p(y),

e © x (A\) describes the backreaction from (A\) on the geometry.
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D7-brane Gaugino Action

e Consider ¢ = 0 as a first step, then we derive.

7 - A — = ve
Loy = ——e 4AT4UNGHY A+ — e 24T9/2G . QXX+ cc. — ————
AT TR o oAt oo e e T s

8u—4A _
Q- TN,

17]



D7-brane Gaugino Action

e Consider ¢ = 0 as a first step, then we derive.
8u—4A

7 - 7 — ve -
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e We reproduce CIU coupling (D7-brane gaugino-flux coupling).

Céamara, Ibanez, Uranga 04, Dymarsky, Martucci 10
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D7-brane Gaugino Action

e Consider ¢ = 0 as a first step, then we derive.
8u—4A

0.,

614473

Ly = —iei4A+4”5\6“8u)\ + éeiZ“J”WQG COM + cc. —
e We reproduce CIU coupling (D7-brane gaugino-flux coupling).

Céamara, Ibanez, Uranga 04, Dymarsky, Martucci 10

e We derive the four-gaugino coupling, which was predicted by
Hamada, Hebecker, Shiu, Soler 18 based on the perfect square
structure.

Horava, Witten 95, Horava, Witten 96, Horava 96
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e We reproduce CIU coupling (D7-brane gaugino-flux coupling).
Cémara, Ibsfiez, Uranga 04, Dymarsky, Martucci 10

e We derive the four-gaugino coupling, which was predicted by
Hamada, Hebecker, Shiu, Soler 18 based on the perfect square
structure.

Horava, Witten 95, Horava, Witten 96, Horava 96

e Any correction from SU(2) structure, ¢ # 07

17]



D7-brane Gaugino Action

7 = 7 == v
Lax = ——e 2AT4uXG09, A + — e 2%H9/26 . QXX + cc. — ————
M TR 7oAt 3¢ t e T S 44n

68'11,74A .
Q- TN,

6 = G + idt,
t:= Re <—Sie_¢‘/2_3‘4171 ® 17;) .

e SU(2) structure corrects gaugino-flux coupling.

Cémara, Ibdiiez, Uranga 04

e (G +idt is the proper ‘holomorphic’ variable with generalized

complex structure.

Benmachiche, Grimm 06, Koerber, Martucci 07, Koerber 10, Dymarsky, Martucci 10

e W=r[BAZ=1[6AQ+O((I\)?) from gravitino mass.

e Broken perfect square structure will enable the perfect match.

13
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F-term Potential

MRy = —/

—4AD7 —12ut4A
. |:e T, g"" — 8use O

e (A\) does not source anti-D3-brane charge.

D3 +

Qepsy

(]

—8u—8A

2
Ko

Re —

2
Kio

0_2
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F-term Potential

Qepsy

(]

—8u—8A

MRy = —/

X Ko

e (A\) does not source anti-D3-brane charge.

o R”) =0and 6Rs = O((A))2). Hence

/ e 8URe = O((AN)?).
X

|:674AT£7guV _ 8M36712u+4A 53 + > Re —

2
Kio
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e (A\) does not source anti-D3-brane charge.

o R”) =0and 6Rs = O((A))2). Hence

/ e 8URe = O((AN)?).
X
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/ e 384190 _|2 = O((AN?).
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F-term Potential

e Compute the energy-momentum tensor associated with (A\).

2¢—8u e—Su—8A
M2lR4 — 7/ |:€_4AT%7Q‘U'V _ 8#36_12u+4A 4 R — ‘8<I>_|2:|
p M PD3 2 2
X K10 k1o

je—2ut®/2 wQ- -0 _ pedu—4A e _
S = = — (M) +c.c. — ————Q - QAN (AN
(S32) /X< e r=rrys LOREE N (AN

16



F-term Potential

e Compute the energy-momentum tensor associated with (A\).

2 4ADT 12ut4A 28 e~ Bu-84 2
Mle4 = 7/ |:e_ TMV g’ — 8uze 12Ut PB5t —5Re — 5 0P _ | :|
X il Wi
je—2ut®/2 wQ- -0 _ pedu—4A e _
Sxa) = = — (M) +cc. — ————Q-QONAN) | 6@,
oy /X < 321 7 [y gm0 614473 AN OX)

ie—2ut9/2 wQ-Q

TR == =
(= 327 7 [ e tAQNQ
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32r 7 [y e tAQAD 614473
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) =— =
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F-term Potential

e Compute the energy-momentum tensor associated with (A\).

_ _ 26_8“‘ e—Su—8A
MglR‘l _ 7/ |:€ 4AT£/79;LV — 8use 12u+4Apm + 5 Re — 5 ‘8<I>_|2:|
X il Wi
s je—2uto/2 wQ -0 Su—4A
s = [ (-

- ve
— (A\) +c.c. —
Wer*4AQ/\Q< )

55 vQ-Q —
T = —eS“m<,\>\> AN g,
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F-term Potential

e Compute the energy-momentum tensor associated with (A\).

2 4ADT 12ut4A 28 e~ Bu-84 2
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1 5 2 - —
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F-term Potential

e Compute the energy-momentum tensor associated with (A\).

2¢—8u e—Su—8A
M2lR4 — 7/ |:€_4ATDV7g‘U'V o 8#36_12u+4A 4 R — ‘8<I>_|2:|
p M PD3 2 2
X k1o K10

. —2u+t¢/2 el _ 8u—4A . _
(SM>:/ <_Z€ wa-Q (AA)+c.c.—I/eQ-Q<)\>\)(>\)\>> 50,
X

27 7w [y e tAQAQ 614473

. i _ _ .
— /X o4 (le;\ +T33M) gh —eriK (KTTDTWDTW - 3H§WW) .
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F-term Potential

Upon including vev of (A)), we compute

1

4

2Ry = i (KTTDTWDTW _ SHiWW) + O3,

e (A)) reproduces Vg in 10D supergravity!!

17



Comment on the variation of (A)).

e Variation of (A\) has been one of the most controversial subject.
Gautason, Van Hemelryck, Van Riet, Venken 19, Carta, Moritz, and Westhpal 19, Hamada,

Hebecker, Shiu, and Soler 19.

e Path integral of Type IIB supergravity with (A\) is complicated.

18
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Comment on the variation of (A)).
M2 Ou can be computed by Einstein equations

24Mp50u = / {4e‘8“ (Re[g] — 80, A0 A) — M} 7

X ou

or equations of motion

24M2 0 = / [4e7" (Re[g] — 80,40 A) — €524 (T, G* — 3T, G*)] .

X
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Comment on the variation of (A)).
M2 Ou can be computed by Einstein equations

oL

24M2 0 = / {46—81* (Relg] — 80,40%A) — } ,

X ou

or equations of motion

24M2 0 = / [4e7" (Re[g] — 80,40 A) — €524 (T, G* — 3T, G*)] .
X

e Following equality should be true, when using (A\),

0L o o v
/ (; ) :/ 2 (Top, (a2) G = 3T, a0y G™)
X u X
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Comment on the variation of (A)).
M2 Ou can be computed by Einstein equations

{46—% (Re[g] — 80, A0° A) — ‘Sﬂ 7

2 —
24M20u = / —

X

or equations of motion

24M2 0 = / [4e7" (Re[g] — 80,40 A) — €524 (T, G* — 3T, G*)] .
X

e Following equality should be true, when using (A\),

0L . o v
/ (5( : :/ 52Ty G — 3T}, 00y GH)
X u X

e Hence, even in the 10D supergravity, upon the variation under w,
(A\) should behave according to

2
(N = —&Tﬂe“imue—%.

C
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Towards 10D Description of KKLT
Plan

Set up the equation that relates R4 to 10D 1}, .
Derive the D7-brane gaugino action.
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Study anti-D3-brane’s backreaction on the geometry.

dS uplift with an anti-D3-brane.
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Anti-D3-brane Backreaction

e Consider an anti-D3-brane with psze*?(255) = O((AX)?).
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e Functional form of the D7-brane gaugino action is not modified.

S with D3 = Sx without D3 + OUAN®).

e Does D3 strongly backreact on (A\)?
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Does D3 strongly backreact on

e (A)\) ox exp (f N; 89%2) = exp (f e

)

(A

)7
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Does D3 strongly backreact on (A\)?

2
® (A\)\) x exp (f N; 89%) = exp (f I*QP’EJT?) .
e Put an anti-D3-brane at the tip of KS throat and study
spectroscopy of dual KW-CFT away from the tip.

Klebanov, Witten 98, Gubser 98, Ceresole, Dall’Agata, D’auria 99, Ceresole, Dall’Agata,

D’Auria, Ferrara 99
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Backreaction, through non-zero modes, on 7' of D7-brane at UV
is negligible.

0T o €4U/€78A5@_.

But, there is still a significant backreaction via the tadpole of the
breathing mode [(Ju, which will adjust the vev of u as in 4d EFT.
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Does D3 strongly backreact on (A\)?

(AA) o exp (7 N; 89%2) = exp (f K,f?) .

Put an anti-D3-brane at the tip of KS throat and study
spectroscopy of dual KW-CFT away from the tip.

Klebanov, Witten 98, Gubser 98, Ceresole, Dall’Agata, D’auria 99, Ceresole, Dall’Agata,
D’Auria, Ferrara 99

Anti-D3-brane at the tip sources r~4®_ ~ =8

which corresponds to an 8-dimensional operator Og in dual CFT.
Dymarsky 11, Baumann, Dymarsky, Kachru, Klebanov, McAllister 08, Kachru, McAllister,
Sundrum 07, Gandhi, McAllister, Sjors 11, Gandhi, McAllister, Sjors to appear
Backreaction, through non-zero modes, on 7' of D7-brane at UV
is negligible.

0T o €4U/€78A5@_.

But, there is still a significant backreaction via the tadpole of the
breathing mode [(Ju, which will adjust the vev of u as in 4d EFT.
Vev of gaugino condensation is not significantly modified.

(AN xx with D3 = (AN) ax without D3-
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Towards 10D Description of KKLT
Plan

Set up the equation that relates R4 to 10D 1}, .
Derive the D7-brane gaugino action.

Compute Ry and T of (AX) from 10 dimensions.

Study anti-D3-brane’s backreaction on the geometry.

dS uplift with an anti-D3-brane.
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dS Uplift

Qepsy

(]

—8u—8A

MRy = —/

X Ko

e We have analyzed that Té{}A> AR 108 o TZ%A) AR 128

1 with D3
=7 [ T8RP vie 1 o).
X

|:874AT£7gp,V _ 8M36712u+4A 53 + 5 Re —

2
Kio

0_2
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dS Uplift

_ _ 2¢—8u 678u78A
M2ZR4 _ _ @ 4ATDV7guV — 8use 12u+4A = + Re — ‘(‘)@_'2
i3 (2 3 2 2
X Ko Ko

e We have analyzed that Té{}A> AR 108 o TlibA> AR 128

1 with D3
=7 [ T8RP vie 1 o).
X

o An anti-D3-brane with pse4(253) = O((AN)?) adds energy

2uze™ 124 (257) + O((AN®).
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dS Uplift

Qe 8u e

—8u—8A

35— Re —

2 —4AmDT —12u+4A
M2Ry =~ /X [e TRTG — $pge 201 g 4+ 2
10

e We have analyzed that Té{}A> with D3 TlibA> AR 128

1 with D3
=7 [ T8RP vie 1 o).
X

o An anti-D3-brane with pse4(253) = O((AN)?) adds energy

2uze™ 124 (257) + O((AN®).

o [ Re=0((MN?), [x e 34|0D_|2 = O((AN)?).

2
Kio
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dS Uplift

2678uR 678u78A
2 6 — 2

i) Kio

M§ZR4 _ _ ‘/)( |:874AT£7gp,V _ 8M36712u+4A 5 + ‘8¢’_|2

e We have analyzed that Té{}A> AR 108 o TlibA> AR 128

1 with D3
=7 [ T8RP vie 1 o).
X

o An anti-D3-brane with pse4(253) = O((AN)?) adds energy

2uze™ 124 (257) + O((AN®).

Jx Re = O((AN)?), [ e 84102_|2 = O((AN)Y).

e Resulting energy is

M2 R4 = Vi + 2uge™ e (z53) + O((AN)?).

4

e 10D analysis agrees with EFT of KKLT!!



Summary

Assumptions
Given a CY3-orientifold X,

Small value of W is possible,

Stable KS-throat exists,

Gaugino condensation exists,

An anti-D3-brane in the KS-throat exists,
(M) can be described in 10D SUGRA.
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Summary

Assumptions

Given a CY3-orientifold X,

e Small value of W is possible,

Stable KS-throat exists,
e Gaugino condensation exists,
An anti-D3-brane in the KS-throat exists,
(M) can be described in 10D SUGRA.

Result
e 10D SUGRA agrees with 4d EFT of KKLT.

Future Direction
e We should find an explicit example of KKLT!
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Thank You!



Order of Variation w.r.t. the metric for (A\)

Compute the equation of motion for w in three different ways.

d82 _ GABdXAdXB _ 6_6u(x)+2A(y)guydl’“dl‘y-ﬁ-€2u(m)_2A(y)gabdyadyb,
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Order of Variation w.r.t. the metric for (A\)

Compute the equation of motion for u in three different ways.

d82 _ GABdXAdXB _ e—6u(3:)+2A(y)guydxltdxv+e2u(m)—2A(y)gabdyadyb,

5L
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Order of Variation w.r.t. the metric for (A\)

Compute the equation of motion for w in three different ways.

d82 _ GABdXAdXB _ 6_6u(x)+2A(y)guydl’“dl‘y-ﬁ-€2u(m)_2A(y)gabdyadyb,

{468u (Ro[g] — 80,497 A) — iﬂ :

24M 2% 0u = /
X

24M2 O = /X [4e75% (Rg[g] — 8D, AD* A) — €724 (T, G** — 3T, G*)]

g )
— | 12M20,ud*u = — = — —4APON) v
5u/M plOptot 45“/]\46 po 9
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Order of Variation w.r.t. the metric for (A\)

Compute the equation of motion for w in three different ways.

d82 _ GABdXAdXB _ 6_6u(x)+2A(y)guydl’“dl‘y-ﬁ-€2u(m)_2A(y)gabdyadyb,

{468u (Ro[g] — 80,497 A) — iﬂ :

24M 2% 0u = /
X

24M2 O = /X [4e75% (Rg[g] — 8D, AD* A) — €724 (T, G** — 3T, G*)]

4 2 10 —4A A v
5 /M 12Mp 0, udu = —7 = /M eI g

For those three answers to agree, one should assign vev to (A\) and
then varies it w.r.t. the metric.
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10D Description of D7-brane Gaugino Condensation

Claim

® Assign vev to gaugino bilinear A\ in 10D supergravity action.

Baumann, Dymarsky, Kachru, Klebanov, McAllister 10

Consistency Check
e Consider D3-branes probing KKLT AdS,.

k3K = —3log(T + T — vk(z,2)),
W =Wy + A(z)e” 27T/ Ne,

T:/ 674A+4u—|—i/ Cy.
D D

Cite lots of papers

e Impose DyW = 0.
Vi(z,2) = ™K (KD W Dy W — 362|W2).

e Can we reproduce e"iKK“T’DaWD,;W with (AX)?
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10D Description of D7-brane Gaugino Condensation

Goal
e Reproduce e"i5 K% D, WD;W with ().

Consistency Check

e Take the ansatz
ds? — ef6u(z)+2A(’y)guyderIV + 62“(1)*2A<y>gabdy“dyb,
Fs = (1 +x10)e” 2%da A da® A dat A da? A da3.

e Probe D3-branes add energy
Z e_lzuq)*(yi%

b =etd _q.

e ®_ should ‘correspond’ to e”zKKaEDaWDEW!
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10D Description of D7-brane Gaugino Condensation

Goal
e Reproduce e"i5 K% D, WD;W with ().

Consistency Check

e Take the ansatz
ds? — ef6u(z)+2A(’y)guyderIV + 62“(1)*2A<y>gabdy“dyb,
Fs = (1 +x10)e” 2%da A da® A dat A da? A da3.

e Probe D3-branes add energy
Z e_lzuq)*(yi%

o=t —a.
e ®_ should ‘correspond’ to e*i¥ K% D, W D;W!
e V20_ =BG _|2+Cop_, G_ = (x¢ —1)G3/2.

PAY)



10D Description of D7-brane Gaugino Condensation

Goal
e Reproduce e"i5 K% D, WD;W with ().

Consistency Check
e Gaugino soft mass term sources Gs.
—Le_2“+¢/2G3 QM+ cc
327

On
(G_)ged = —~*472/24849,0,G ) (% Zm)gbbﬂgadi%'

cite papers

e (G_ precisely sources

8A _ e
@7’G o= /G(ﬁ) (Z?Z/);?‘GJQ = emiKKabDaWDBW.
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The Recent Criticisms

e Recall eqn. (2.30) of GKP

8A
V20_ = e 44198 _|2 + — |G_|? + Ajpe + REEP,
Im7

1 /4 A
Ajpe = 2/{%0 (4 (TabG“b — TWG‘“’) — ugeSApD?’) .

e Suppose there is a ‘good enough’ solution ®_, s.t. fX Vie_ =0.

8A
VRGEP — —/ |:64A|8‘I)—|2 + L\G—F + AlOC} )
< Im7

V::/X\/gT;.

e Anti-D3-branes give positive contribution to Ay = 2uze®4,
hence seem to induce negative energy.

e Two kinds of seemingly dangerous singularities :
from |G_|? and G, which is localized on the gaugino stack.
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Any issues with the criticisms?

Claimed R4 computed in 10D comes with unwarped volume V.
But, in 4D EFT, warped volumes are related to observables.

Mgl =47V,

Vi ::/ a4
X

Even the energy shift due to anti-D3-branes come with the wrong
suppression e34 rather than e*4. Same issue for the divergences.

One could try
Y\
/ e Ve = / [e_sA\a@_\z + — (G2 + e Ay, + e—“RfKP]
X X Im7

Integration by parts for fields, whose explicit forms are unknown, is subtle.
Computing A;,. for gaugino condensation is subtle. cite papers
RGEP = Ry + 120u — 240, udtu.

We need a different form of the equation that contains equivalent
information with respect to (2.30) of GKP.
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Singularities?

Singularity due to

/€4A‘G_‘2,

= AN
(G_)ged = —€~H4724849,0,G 2 (25 ZD?)gbeEEa?;Q?Z’

where

that corresponds to

/V2(€_4A)€8A|G_‘2 _ /pDSG(G)eSAlG—|2 _ Zq)_.

Singularity due to

—4A
Gy = — - VImr AN,
1672

is cancelled due to the SU(2) structure correction.
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What does ‘correspond’ mean?

_ _ 2678u
M2 Ra =/ [—6 AATDT g + dpge™ 2 (®_pp3 + P4 pp3) — —5— Re
X Ko
e*S’M*SA
+ faaqqa“cb,]
Ko

68A
V2o_ =e 902 + E|G_|2 + Apoe + REEP,

1 /- .
Ajoe = 230 (Z (TabGa" - TWGW) - ugeSApDB) :
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