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Motivation: moduli stabilisation program

• Typical example: type IIB compactified on a Calabi-Yau orientifold


• Background fluxes for F3 and H3 generate

taGBn CMKI 2baUBT & UManDa V12

- Superpotential for moduli


- Warped Calabi-Yau geometry    →    neglected in the large volume limit
1FddFnDs  3acEMP  6KlcEFnsGF W01
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• Microscopic intuition for V →  10d sugra: quantised internal fluxes 
whose contribution to the vacuum energy depends on the CY moduli
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• Typical example: type IIB compactified on a Calabi-Yau orientifold


• Background fluxes for F3 and H3 generate

Motivation: moduli stabilisation program

- Superpotential for moduli
 1PGKv  VaCa  WFttBn W99

• 4d description: set of 4d Domain Walls generating the flux quanta
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4d 4-form field strength

X6X4



4-forms and fluxes

• Bousso-Polchinski


• Kaloper-Sorbo


• …
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multi-branched potential, 
jump by crossing DW

• One then expects that physics behind flux compactifications is to great 
extent encoded in a 4d effective theory describing 4-forms


• Moreover, 4-forms appear in different proposals inspired by string theory
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What can we learn from the 
structure of  4-forms in 4d 

string compactifications? 
Question:

• One then expects that physics behind flux compactifications is to great 
extent encoded in a 4d effective theory describing 4-forms


• Moreover, 4-forms appear in different proposals inspired by string theory



The type IIA potential



Type IIA with fluxes
we neglect WS and 


D-brane instanton effects

moduli
 a = �a + isa
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Z
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A D-brane 
Wilson line

• Playground: type IIA at large volume


- Calabi-Yau orientifold


- D6-branes wrapping three-cycles




• Playground: type IIA at large volume


Type IIA with fluxes
we neglect WS and 


D-brane instanton effects

moduli
 a = �a + isa
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axion saxion

- Calabi-Yau orientifold


- D6-branes wrapping three-cycles


- Internal RR fluxes F0, F2, F4, F6 


- Internal H3 flux

4KPFs & 5FcPW02 
3acEMP & 3asEanF-6KKMW04 
1MFII & 4KPFsW04 
1MFII & 4KLBsW11 
3BMstan & WBFDandW11

W holomorphic on !a

K real function of sa{
(4d 4-forms contribute to a part of V)



4-forms and potentials

• Alternatively → 4d Lagrangian in 4-form formalism ,FBllBIan  2banBT  ValBnTPBla W15 
-­aMta Bl al.V16

FA
4 = dCA

3
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runs over internal fluxes 

ZAB
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depend on sa
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4 $ qA = (~q)A 2 Z
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runs over internal fluxes 

ZAB
<latexit sha1_base64="oGN9BBX27BGGRnwk73SZbL5dLvc=">AAAB7XicdVDLSgMxFM34rPVVdekmWARXQ6a02u6qblxWsA9sh5JJM21sJhmSjFCG/oMbF4q49X/c+Tem7QgqeuDC4Zx7ufeeIOZMG4Q+nKXlldW19dxGfnNre2e3sLff0jJRhDaJ5FJ1AqwpZ4I2DTOcdmJFcRRw2g7GlzO/fU+VZlLcmElM/QgPBQsZwcZKrdt+en4x7ReKyK0gr3bqQeSiOSwpVVCtiqCXKUWQodEvvPcGkiQRFYZwrHXXQ7HxU6wMI5xO871E0xiTMR7SrqUCR1T76fzaKTy2ygCGUtkSBs7V7xMpjrSeRIHtjLAZ6d/eTPzL6yYmrPopE3FiqCCLRWHCoZFw9jocMEWJ4RNLMFHM3grJCCtMjA0ob0P4+hT+T1ol10Oud10u1stZHDlwCI7ACfDAGaiDK9AATUDAHXgAT+DZkc6j8+K8LlqXnGzmAPyA8/YJg6SPCg==</latexit><latexit sha1_base64="oGN9BBX27BGGRnwk73SZbL5dLvc=">AAAB7XicdVDLSgMxFM34rPVVdekmWARXQ6a02u6qblxWsA9sh5JJM21sJhmSjFCG/oMbF4q49X/c+Tem7QgqeuDC4Zx7ufeeIOZMG4Q+nKXlldW19dxGfnNre2e3sLff0jJRhDaJ5FJ1AqwpZ4I2DTOcdmJFcRRw2g7GlzO/fU+VZlLcmElM/QgPBQsZwcZKrdt+en4x7ReKyK0gr3bqQeSiOSwpVVCtiqCXKUWQodEvvPcGkiQRFYZwrHXXQ7HxU6wMI5xO871E0xiTMR7SrqUCR1T76fzaKTy2ygCGUtkSBs7V7xMpjrSeRIHtjLAZ6d/eTPzL6yYmrPopE3FiqCCLRWHCoZFw9jocMEWJ4RNLMFHM3grJCCtMjA0ob0P4+hT+T1ol10Oud10u1stZHDlwCI7ACfDAGaiDK9AATUDAHXgAT+DZkc6j8+K8LlqXnGzmAPyA8/YJg6SPCg==</latexit><latexit sha1_base64="oGN9BBX27BGGRnwk73SZbL5dLvc=">AAAB7XicdVDLSgMxFM34rPVVdekmWARXQ6a02u6qblxWsA9sh5JJM21sJhmSjFCG/oMbF4q49X/c+Tem7QgqeuDC4Zx7ufeeIOZMG4Q+nKXlldW19dxGfnNre2e3sLff0jJRhDaJ5FJ1AqwpZ4I2DTOcdmJFcRRw2g7GlzO/fU+VZlLcmElM/QgPBQsZwcZKrdt+en4x7ReKyK0gr3bqQeSiOSwpVVCtiqCXKUWQodEvvPcGkiQRFYZwrHXXQ7HxU6wMI5xO871E0xiTMR7SrqUCR1T76fzaKTy2ygCGUtkSBs7V7xMpjrSeRIHtjLAZ6d/eTPzL6yYmrPopE3FiqCCLRWHCoZFw9jocMEWJ4RNLMFHM3grJCCtMjA0ob0P4+hT+T1ol10Oud10u1stZHDlwCI7ACfDAGaiDK9AATUDAHXgAT+DZkc6j8+K8LlqXnGzmAPyA8/YJg6SPCg==</latexit><latexit sha1_base64="oGN9BBX27BGGRnwk73SZbL5dLvc=">AAAB7XicdVDLSgMxFM34rPVVdekmWARXQ6a02u6qblxWsA9sh5JJM21sJhmSjFCG/oMbF4q49X/c+Tem7QgqeuDC4Zx7ufeeIOZMG4Q+nKXlldW19dxGfnNre2e3sLff0jJRhDaJ5FJ1AqwpZ4I2DTOcdmJFcRRw2g7GlzO/fU+VZlLcmElM/QgPBQsZwcZKrdt+en4x7ReKyK0gr3bqQeSiOSwpVVCtiqCXKUWQodEvvPcGkiQRFYZwrHXXQ7HxU6wMI5xO871E0xiTMR7SrqUCR1T76fzaKTy2ygCGUtkSBs7V7xMpjrSeRIHtjLAZ6d/eTPzL6yYmrPopE3FiqCCLRWHCoZFw9jocMEWJ4RNLMFHM3grJCCtMjA0ob0P4+hT+T1ol10Oud10u1stZHDlwCI7ACfDAGaiDK9AATUDAHXgAT+DZkc6j8+K8LlqXnGzmAPyA8/YJg6SPCg==</latexit>

depend on sa

FA
4 $ qA = (~q)A 2 Z

<latexit sha1_base64="xjVixmAQDkI4WQqVF0sndjchPjo="></latexit><latexit sha1_base64="xjVixmAQDkI4WQqVF0sndjchPjo="></latexit><latexit sha1_base64="xjVixmAQDkI4WQqVF0sndjchPjo="></latexit><latexit sha1_base64="xjVixmAQDkI4WQqVF0sndjchPjo="></latexit>

%A
<latexit sha1_base64="aNrHdJOQp+aESkhbyhvo95Kjn/w=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4GjKl1XZXceOygn1IO5RMmmlDk8yQZApl6Fe4caGIWz/HnX9j2o6gogcuHM65l3vvCWLOtEHow8mtrW9sbuW3Czu7e/sHxcOjto4SRWiLRDxS3QBrypmkLcMMp91YUSwCTjvB5Hrhd6ZUaRbJOzOLqS/wSLKQEWysdN+fYqXG0eBqUCwht4q8+oUHkYuWsKRcRfUagl6mlECG5qD43h9GJBFUGsKx1j0PxcZPsTKMcDov9BNNY0wmeER7lkosqPbT5cFzeGaVIQwjZUsauFS/T6RYaD0Tge0U2Iz1b28h/uX1EhPW/JTJODFUktWiMOHQRHDxPRwyRYnhM0swUczeCskYK0yMzahgQ/j6FP5P2mXXQ653Wyk1KlkceXACTsE58MAlaIAb0AQtQIAAD+AJPDvKeXRenNdVa87JZo7BDzhvnwhtkII=</latexit><latexit sha1_base64="aNrHdJOQp+aESkhbyhvo95Kjn/w=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4GjKl1XZXceOygn1IO5RMmmlDk8yQZApl6Fe4caGIWz/HnX9j2o6gogcuHM65l3vvCWLOtEHow8mtrW9sbuW3Czu7e/sHxcOjto4SRWiLRDxS3QBrypmkLcMMp91YUSwCTjvB5Hrhd6ZUaRbJOzOLqS/wSLKQEWysdN+fYqXG0eBqUCwht4q8+oUHkYuWsKRcRfUagl6mlECG5qD43h9GJBFUGsKx1j0PxcZPsTKMcDov9BNNY0wmeER7lkosqPbT5cFzeGaVIQwjZUsauFS/T6RYaD0Tge0U2Iz1b28h/uX1EhPW/JTJODFUktWiMOHQRHDxPRwyRYnhM0swUczeCskYK0yMzahgQ/j6FP5P2mXXQ653Wyk1KlkceXACTsE58MAlaIAb0AQtQIAAD+AJPDvKeXRenNdVa87JZo7BDzhvnwhtkII=</latexit><latexit sha1_base64="aNrHdJOQp+aESkhbyhvo95Kjn/w=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4GjKl1XZXceOygn1IO5RMmmlDk8yQZApl6Fe4caGIWz/HnX9j2o6gogcuHM65l3vvCWLOtEHow8mtrW9sbuW3Czu7e/sHxcOjto4SRWiLRDxS3QBrypmkLcMMp91YUSwCTjvB5Hrhd6ZUaRbJOzOLqS/wSLKQEWysdN+fYqXG0eBqUCwht4q8+oUHkYuWsKRcRfUagl6mlECG5qD43h9GJBFUGsKx1j0PxcZPsTKMcDov9BNNY0wmeER7lkosqPbT5cFzeGaVIQwjZUsauFS/T6RYaD0Tge0U2Iz1b28h/uX1EhPW/JTJODFUktWiMOHQRHDxPRwyRYnhM0swUczeCskYK0yMzahgQ/j6FP5P2mXXQ653Wyk1KlkceXACTsE58MAlaIAb0AQtQIAAD+AJPDvKeXRenNdVa87JZo7BDzhvnwhtkII=</latexit><latexit sha1_base64="aNrHdJOQp+aESkhbyhvo95Kjn/w=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4GjKl1XZXceOygn1IO5RMmmlDk8yQZApl6Fe4caGIWz/HnX9j2o6gogcuHM65l3vvCWLOtEHow8mtrW9sbuW3Czu7e/sHxcOjto4SRWiLRDxS3QBrypmkLcMMp91YUSwCTjvB5Hrhd6ZUaRbJOzOLqS/wSLKQEWysdN+fYqXG0eBqUCwht4q8+oUHkYuWsKRcRfUagl6mlECG5qD43h9GJBFUGsKx1j0PxcZPsTKMcDov9BNNY0wmeER7lkosqPbT5cFzeGaVIQwjZUsauFS/T6RYaD0Tge0U2Iz1b28h/uX1EhPW/JTJODFUktWiMOHQRHDxPRwyRYnhM0swUczeCskYK0yMzahgQ/j6FP5P2mXXQ653Wyk1KlkceXACTsE58MAlaIAb0AQtQIAAD+AJPDvKeXRenNdVa87JZo7BDzhvnwhtkII=</latexit> depend on "a and qA

⇤4FA
4 = ZAB%B

<latexit sha1_base64="4LJBNNg0htWbGthbgO9HwlazZkI=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBZBXJREAroR2grisoJ9YJuGyXTSDp1kwsykUEI3bvwVNy4Uces/uPNvnD4QbT1w4XDOvdx7jx8zKpVlfRmZpeWV1bXsem5jc2t7x9zdq0meCEyqmDMuGj6ShNGIVBVVjDRiQVDoM1L3+1djvz4gQlIe3alhTNwQdSMaUIyUljzzEJ56Drz2nHbpEt6301J5BFsDJESPe2XPzFsFawL4Q+x5kgczVDzzs9XhOAlJpDBDUjZtK1ZuioSimJFRrpVIEiPcR13S1DRCIZFuOvliBI+10oEBF7oiBSfq74kUhVIOQ193hkj15Lw3Fv/zmokKLtyURnGiSISni4KEQcXhOBLYoYJgxYaaICyovhXiHhIIKx1cToew8PIiqZ0VbKtg3zr5ojOLIwsOwBE4ATY4B0VwAyqgCjB4AE/gBbwaj8az8Wa8T1szxmxmH/yB8fENJwiWag==</latexit><latexit sha1_base64="4LJBNNg0htWbGthbgO9HwlazZkI=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBZBXJREAroR2grisoJ9YJuGyXTSDp1kwsykUEI3bvwVNy4Uces/uPNvnD4QbT1w4XDOvdx7jx8zKpVlfRmZpeWV1bXsem5jc2t7x9zdq0meCEyqmDMuGj6ShNGIVBVVjDRiQVDoM1L3+1djvz4gQlIe3alhTNwQdSMaUIyUljzzEJ56Drz2nHbpEt6301J5BFsDJESPe2XPzFsFawL4Q+x5kgczVDzzs9XhOAlJpDBDUjZtK1ZuioSimJFRrpVIEiPcR13S1DRCIZFuOvliBI+10oEBF7oiBSfq74kUhVIOQ193hkj15Lw3Fv/zmokKLtyURnGiSISni4KEQcXhOBLYoYJgxYaaICyovhXiHhIIKx1cToew8PIiqZ0VbKtg3zr5ojOLIwsOwBE4ATY4B0VwAyqgCjB4AE/gBbwaj8az8Wa8T1szxmxmH/yB8fENJwiWag==</latexit><latexit sha1_base64="4LJBNNg0htWbGthbgO9HwlazZkI=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBZBXJREAroR2grisoJ9YJuGyXTSDp1kwsykUEI3bvwVNy4Uces/uPNvnD4QbT1w4XDOvdx7jx8zKpVlfRmZpeWV1bXsem5jc2t7x9zdq0meCEyqmDMuGj6ShNGIVBVVjDRiQVDoM1L3+1djvz4gQlIe3alhTNwQdSMaUIyUljzzEJ56Drz2nHbpEt6301J5BFsDJESPe2XPzFsFawL4Q+x5kgczVDzzs9XhOAlJpDBDUjZtK1ZuioSimJFRrpVIEiPcR13S1DRCIZFuOvliBI+10oEBF7oiBSfq74kUhVIOQ193hkj15Lw3Fv/zmokKLtyURnGiSISni4KEQcXhOBLYoYJgxYaaICyovhXiHhIIKx1cToew8PIiqZ0VbKtg3zr5ojOLIwsOwBE4ATY4B0VwAyqgCjB4AE/gBbwaj8az8Wa8T1szxmxmH/yB8fENJwiWag==</latexit><latexit sha1_base64="4LJBNNg0htWbGthbgO9HwlazZkI=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBZBXJREAroR2grisoJ9YJuGyXTSDp1kwsykUEI3bvwVNy4Uces/uPNvnD4QbT1w4XDOvdx7jx8zKpVlfRmZpeWV1bXsem5jc2t7x9zdq0meCEyqmDMuGj6ShNGIVBVVjDRiQVDoM1L3+1djvz4gQlIe3alhTNwQdSMaUIyUljzzEJ56Drz2nHbpEt6301J5BFsDJESPe2XPzFsFawL4Q+x5kgczVDzzs9XhOAlJpDBDUjZtK1ZuioSimJFRrpVIEiPcR13S1DRCIZFuOvliBI+10oEBF7oiBSfq74kUhVIOQ193hkj15Lw3Fv/zmokKLtyURnGiSISni4KEQcXhOBLYoYJgxYaaICyovhXiHhIIKx1cToew8PIiqZ0VbKtg3zr5ojOLIwsOwBE4ATY4B0VwAyqgCjB4AE/gBbwaj8az8Wa8T1szxmxmH/yB8fENJwiWag==</latexit>

generalisation !
of KS structure V =

1

2
µ2f2

�(n+ �)2V =
ZAB

8
%A%B

<latexit sha1_base64="sO3I8XuJ0BWYRH2kjOpob99UsKQ="></latexit><latexit sha1_base64="sO3I8XuJ0BWYRH2kjOpob99UsKQ="></latexit><latexit sha1_base64="sO3I8XuJ0BWYRH2kjOpob99UsKQ="></latexit><latexit sha1_base64="sO3I8XuJ0BWYRH2kjOpob99UsKQ="></latexit>

• Integrating out the 4-forms by solving their eom:

� 1

16

Z

X4

ZABF
A
4 ^ ⇤4FB

4 � 1

16

Z

X4

ZAB%A%B ⇤4 1 +
1

8

Z

X4

FA
4 %A

<latexit sha1_base64="a5Lm5FVkKepTB6+DC4LIt38hRpI="></latexit><latexit sha1_base64="a5Lm5FVkKepTB6+DC4LIt38hRpI="></latexit><latexit sha1_base64="a5Lm5FVkKepTB6+DC4LIt38hRpI="></latexit><latexit sha1_base64="a5Lm5FVkKepTB6+DC4LIt38hRpI="></latexit>



4-forms and potentials

• Example: RR fluxes only F0, F2, F4, F6 ,FBllBIan  2banBT  ValBnTPBla W15 
-­aMta Bl al.V16

m, -ma, ea, -e0

V =
ZAB

8
%A%B

<latexit sha1_base64="sO3I8XuJ0BWYRH2kjOpob99UsKQ="></latexit><latexit sha1_base64="sO3I8XuJ0BWYRH2kjOpob99UsKQ="></latexit><latexit sha1_base64="sO3I8XuJ0BWYRH2kjOpob99UsKQ="></latexit><latexit sha1_base64="sO3I8XuJ0BWYRH2kjOpob99UsKQ="></latexit>
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ZABF
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1
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FA
4 %A

<latexit sha1_base64="HBgNUy6J44RKlpNUe7WtpDithPQ="></latexit><latexit sha1_base64="HBgNUy6J44RKlpNUe7WtpDithPQ="></latexit><latexit sha1_base64="HBgNUy6J44RKlpNUe7WtpDithPQ="></latexit><latexit sha1_base64="HBgNUy6J44RKlpNUe7WtpDithPQ="></latexit>

- Potential generated for Kähler moduli Ta = ba + i ta


- Dim. red. 10d sugra democratic action → 4d 4-form for each flux



4-forms and potentials

• Example: RR fluxes only F0, F2, F4, F6 ,FBllBIan  2banBT  ValBnTPBla W15 
-­aMta Bl al.V16

m, -ma, ea, -e0

- Potential generated for Kähler moduli Ta = ba + i ta


- Dim. red. 10d sugra democratic action → 4d 4-form for each flux

Z�1 = 8eK

0

BB@

4
gab

4K2

9 gab
K2

9

1

CCA

<latexit sha1_base64="VctwH9J5ESrz4Uy2M3r89rECSGQ="></latexit><latexit sha1_base64="VctwH9J5ESrz4Uy2M3r89rECSGQ="></latexit><latexit sha1_base64="VctwH9J5ESrz4Uy2M3r89rECSGQ="></latexit><latexit sha1_base64="VctwH9J5ESrz4Uy2M3r89rECSGQ="></latexit>

⇢0 = e0 � baea +
1

2
Kabcm

abbbc � m

6
Kabcb

abbbc

⇢a = ea �Kabcm
bbc +

m

2
Kabcb

bbc

⇢̃a = ma �mba

⇢̃ = m
<latexit sha1_base64="glsq5zOvh5fEtYJIV8LlsRIqakY="></latexit><latexit sha1_base64="glsq5zOvh5fEtYJIV8LlsRIqakY="></latexit><latexit sha1_base64="glsq5zOvh5fEtYJIV8LlsRIqakY="></latexit><latexit sha1_base64="glsq5zOvh5fEtYJIV8LlsRIqakY="></latexit>

K ⌘ Kabct
atbtc

<latexit sha1_base64="VdqmKDOuOQLIe+2+gS3bfiK4F/o=">AAACG3icdVDLSsNAFJ3UV42vqEs3g0VwVZIi6LLgRnBTwT6gjeVmOm2HTiZxZlIoIf/hxl9x40IRV4IL/8ZJW6G+LhzmcM69zL0niDlT2nU/rMLS8srqWnHd3tjc2t5xdvcaKkokoXUS8Ui2AlCUM0HrmmlOW7GkEAacNoPRee43x1QqFolrPYmpH8JAsD4joI3UdSqdEPSQAE8vM9yhtwkb4wWpm0JAMqxvwCAwILbddUpuueLmhX8Trzx93RKaV63rvHV6EUlCKjThoFTbc2PtpyA1I5xmdidRNAYyggFtGyogpMpPp7dl+MgoPdyPpIHQeKouTqQQKjUJA9OZr61+ern4l9dOdP/MT5mIE00FmX3UTzjWEc6Dwj0mKdF8YggQycyumAxBAtEmzjyEr0vx/6RRKXtu2bs6KVUr8ziK6AAdomPkoVNURReohuqIoDv0gJ7Qs3VvPVov1uustWDNZ/bRt7LePwFU6qDa</latexit><latexit sha1_base64="VdqmKDOuOQLIe+2+gS3bfiK4F/o=">AAACG3icdVDLSsNAFJ3UV42vqEs3g0VwVZIi6LLgRnBTwT6gjeVmOm2HTiZxZlIoIf/hxl9x40IRV4IL/8ZJW6G+LhzmcM69zL0niDlT2nU/rMLS8srqWnHd3tjc2t5xdvcaKkokoXUS8Ui2AlCUM0HrmmlOW7GkEAacNoPRee43x1QqFolrPYmpH8JAsD4joI3UdSqdEPSQAE8vM9yhtwkb4wWpm0JAMqxvwCAwILbddUpuueLmhX8Trzx93RKaV63rvHV6EUlCKjThoFTbc2PtpyA1I5xmdidRNAYyggFtGyogpMpPp7dl+MgoPdyPpIHQeKouTqQQKjUJA9OZr61+ern4l9dOdP/MT5mIE00FmX3UTzjWEc6Dwj0mKdF8YggQycyumAxBAtEmzjyEr0vx/6RRKXtu2bs6KVUr8ziK6AAdomPkoVNURReohuqIoDv0gJ7Qs3VvPVov1uustWDNZ/bRt7LePwFU6qDa</latexit><latexit sha1_base64="VdqmKDOuOQLIe+2+gS3bfiK4F/o=">AAACG3icdVDLSsNAFJ3UV42vqEs3g0VwVZIi6LLgRnBTwT6gjeVmOm2HTiZxZlIoIf/hxl9x40IRV4IL/8ZJW6G+LhzmcM69zL0niDlT2nU/rMLS8srqWnHd3tjc2t5xdvcaKkokoXUS8Ui2AlCUM0HrmmlOW7GkEAacNoPRee43x1QqFolrPYmpH8JAsD4joI3UdSqdEPSQAE8vM9yhtwkb4wWpm0JAMqxvwCAwILbddUpuueLmhX8Trzx93RKaV63rvHV6EUlCKjThoFTbc2PtpyA1I5xmdidRNAYyggFtGyogpMpPp7dl+MgoPdyPpIHQeKouTqQQKjUJA9OZr61+ern4l9dOdP/MT5mIE00FmX3UTzjWEc6Dwj0mKdF8YggQycyumAxBAtEmzjyEr0vx/6RRKXtu2bs6KVUr8ziK6AAdomPkoVNURReohuqIoDv0gJ7Qs3VvPVov1uustWDNZ/bRt7LePwFU6qDa</latexit><latexit sha1_base64="VdqmKDOuOQLIe+2+gS3bfiK4F/o=">AAACG3icdVDLSsNAFJ3UV42vqEs3g0VwVZIi6LLgRnBTwT6gjeVmOm2HTiZxZlIoIf/hxl9x40IRV4IL/8ZJW6G+LhzmcM69zL0niDlT2nU/rMLS8srqWnHd3tjc2t5xdvcaKkokoXUS8Ui2AlCUM0HrmmlOW7GkEAacNoPRee43x1QqFolrPYmpH8JAsD4joI3UdSqdEPSQAE8vM9yhtwkb4wWpm0JAMqxvwCAwILbddUpuueLmhX8Trzx93RKaV63rvHV6EUlCKjThoFTbc2PtpyA1I5xmdidRNAYyggFtGyogpMpPp7dl+MgoPdyPpIHQeKouTqQQKjUJA9OZr61+ern4l9dOdP/MT5mIE00FmX3UTzjWEc6Dwj0mKdF8YggQycyumAxBAtEmzjyEr0vx/6RRKXtu2bs6KVUr8ziK6AAdomPkoVNURReohuqIoDv0gJ7Qs3VvPVov1uustWDNZ/bRt7LePwFU6qDa</latexit>

gab =
3e�/2

2K

Z

X6

!a ^ ?6!b
<latexit sha1_base64="Uxi3FALluFYjznVJWLd30FdkAEo="></latexit><latexit sha1_base64="Uxi3FALluFYjznVJWLd30FdkAEo="></latexit><latexit sha1_base64="Uxi3FALluFYjznVJWLd30FdkAEo="></latexit><latexit sha1_base64="Uxi3FALluFYjznVJWLd30FdkAEo="></latexit>

Kabc 2 Z
<latexit sha1_base64="vduIMLMlKGiqPZS6jSpyHe0D4qY=">AAACC3icdVDLSsNAFJ3UV42vqEs3Q4vgKiRF0GXBjeCmgn1gE8LMdNIOnUzCzEQoIXs3/oobF4q49Qfc+TcmaQWfB4Y5nHMv996DE86Udpx3o7a0vLK6Vl83Nza3tnes3b2eilNJaJfEPJYDjBTlTNCuZprTQSIpijCnfTw9K/3+DZWKxeJKzxLqR2gsWMgI0oUUWA0vQnpCEM8u8iBDmOTQYwJWKsbZdW6agdV07JZTAv4mrl39ThMs0AmsN28UkzSiQhOOlBq6TqL9DEnNCKe56aWKJohM0ZgOCypQRJWfVbfk8LBQRjCMZfGEhpX6tSNDkVKzCBeV5Y7qp1eKf3nDVIenfsZEkmoqyHxQmHKoY1gGA0dMUqL5rCCISFbsCskESUR0EV8Zwuel8H/Sa9muY7uXx812axFHHRyABjgCLjgBbXAOOqALCLgF9+ARPBl3xoPxbLzMS2vGomcffIPx+gFo8ZqO</latexit><latexit sha1_base64="vduIMLMlKGiqPZS6jSpyHe0D4qY=">AAACC3icdVDLSsNAFJ3UV42vqEs3Q4vgKiRF0GXBjeCmgn1gE8LMdNIOnUzCzEQoIXs3/oobF4q49Qfc+TcmaQWfB4Y5nHMv996DE86Udpx3o7a0vLK6Vl83Nza3tnes3b2eilNJaJfEPJYDjBTlTNCuZprTQSIpijCnfTw9K/3+DZWKxeJKzxLqR2gsWMgI0oUUWA0vQnpCEM8u8iBDmOTQYwJWKsbZdW6agdV07JZTAv4mrl39ThMs0AmsN28UkzSiQhOOlBq6TqL9DEnNCKe56aWKJohM0ZgOCypQRJWfVbfk8LBQRjCMZfGEhpX6tSNDkVKzCBeV5Y7qp1eKf3nDVIenfsZEkmoqyHxQmHKoY1gGA0dMUqL5rCCISFbsCskESUR0EV8Zwuel8H/Sa9muY7uXx812axFHHRyABjgCLjgBbXAOOqALCLgF9+ARPBl3xoPxbLzMS2vGomcffIPx+gFo8ZqO</latexit><latexit sha1_base64="vduIMLMlKGiqPZS6jSpyHe0D4qY=">AAACC3icdVDLSsNAFJ3UV42vqEs3Q4vgKiRF0GXBjeCmgn1gE8LMdNIOnUzCzEQoIXs3/oobF4q49Qfc+TcmaQWfB4Y5nHMv996DE86Udpx3o7a0vLK6Vl83Nza3tnes3b2eilNJaJfEPJYDjBTlTNCuZprTQSIpijCnfTw9K/3+DZWKxeJKzxLqR2gsWMgI0oUUWA0vQnpCEM8u8iBDmOTQYwJWKsbZdW6agdV07JZTAv4mrl39ThMs0AmsN28UkzSiQhOOlBq6TqL9DEnNCKe56aWKJohM0ZgOCypQRJWfVbfk8LBQRjCMZfGEhpX6tSNDkVKzCBeV5Y7qp1eKf3nDVIenfsZEkmoqyHxQmHKoY1gGA0dMUqL5rCCISFbsCskESUR0EV8Zwuel8H/Sa9muY7uXx812axFHHRyABjgCLjgBbXAOOqALCLgF9+ARPBl3xoPxbLzMS2vGomcffIPx+gFo8ZqO</latexit><latexit sha1_base64="vduIMLMlKGiqPZS6jSpyHe0D4qY=">AAACC3icdVDLSsNAFJ3UV42vqEs3Q4vgKiRF0GXBjeCmgn1gE8LMdNIOnUzCzEQoIXs3/oobF4q49Qfc+TcmaQWfB4Y5nHMv996DE86Udpx3o7a0vLK6Vl83Nza3tnes3b2eilNJaJfEPJYDjBTlTNCuZprTQSIpijCnfTw9K/3+DZWKxeJKzxLqR2gsWMgI0oUUWA0vQnpCEM8u8iBDmOTQYwJWKsbZdW6agdV07JZTAv4mrl39ThMs0AmsN28UkzSiQhOOlBq6TqL9DEnNCKe56aWKJohM0ZgOCypQRJWfVbfk8LBQRjCMZfGEhpX6tSNDkVKzCBeV5Y7qp1eKf3nDVIenfsZEkmoqyHxQmHKoY1gGA0dMUqL5rCCISFbsCskESUR0EV8Zwuel8H/Sa9muY7uXx812axFHHRyABjgCLjgBbXAOOqALCLgF9+ARPBl3xoPxbLzMS2vGomcffIPx+gFo8ZqO</latexit>

saxions ta axions ba and fluxes

V =
ZAB

8
%A%B

<latexit sha1_base64="sO3I8XuJ0BWYRH2kjOpob99UsKQ="></latexit><latexit sha1_base64="sO3I8XuJ0BWYRH2kjOpob99UsKQ="></latexit><latexit sha1_base64="sO3I8XuJ0BWYRH2kjOpob99UsKQ="></latexit><latexit sha1_base64="sO3I8XuJ0BWYRH2kjOpob99UsKQ="></latexit>



4-forms and potentials

• Example: RR fluxes only F0, F2, F4, F6 ,FBllBIan  2banBT  ValBnTPBla W15 
-­aMta Bl al.V16

m, -ma, ea, -e0

⇢0 = e0 � baea +
1

2
Kabcm

abbbc � m

6
Kabcb

abbbc

⇢a = ea �Kabcm
bbc +

m

2
Kabcb

bbc

⇢̃a = ma �mba

⇢̃ = m
<latexit sha1_base64="glsq5zOvh5fEtYJIV8LlsRIqakY="></latexit><latexit sha1_base64="glsq5zOvh5fEtYJIV8LlsRIqakY="></latexit><latexit sha1_base64="glsq5zOvh5fEtYJIV8LlsRIqakY="></latexit><latexit sha1_base64="glsq5zOvh5fEtYJIV8LlsRIqakY="></latexit>

K ⌘ Kabct
atbtc

<latexit sha1_base64="VdqmKDOuOQLIe+2+gS3bfiK4F/o=">AAACG3icdVDLSsNAFJ3UV42vqEs3g0VwVZIi6LLgRnBTwT6gjeVmOm2HTiZxZlIoIf/hxl9x40IRV4IL/8ZJW6G+LhzmcM69zL0niDlT2nU/rMLS8srqWnHd3tjc2t5xdvcaKkokoXUS8Ui2AlCUM0HrmmlOW7GkEAacNoPRee43x1QqFolrPYmpH8JAsD4joI3UdSqdEPSQAE8vM9yhtwkb4wWpm0JAMqxvwCAwILbddUpuueLmhX8Trzx93RKaV63rvHV6EUlCKjThoFTbc2PtpyA1I5xmdidRNAYyggFtGyogpMpPp7dl+MgoPdyPpIHQeKouTqQQKjUJA9OZr61+ern4l9dOdP/MT5mIE00FmX3UTzjWEc6Dwj0mKdF8YggQycyumAxBAtEmzjyEr0vx/6RRKXtu2bs6KVUr8ziK6AAdomPkoVNURReohuqIoDv0gJ7Qs3VvPVov1uustWDNZ/bRt7LePwFU6qDa</latexit><latexit sha1_base64="VdqmKDOuOQLIe+2+gS3bfiK4F/o=">AAACG3icdVDLSsNAFJ3UV42vqEs3g0VwVZIi6LLgRnBTwT6gjeVmOm2HTiZxZlIoIf/hxl9x40IRV4IL/8ZJW6G+LhzmcM69zL0niDlT2nU/rMLS8srqWnHd3tjc2t5xdvcaKkokoXUS8Ui2AlCUM0HrmmlOW7GkEAacNoPRee43x1QqFolrPYmpH8JAsD4joI3UdSqdEPSQAE8vM9yhtwkb4wWpm0JAMqxvwCAwILbddUpuueLmhX8Trzx93RKaV63rvHV6EUlCKjThoFTbc2PtpyA1I5xmdidRNAYyggFtGyogpMpPp7dl+MgoPdyPpIHQeKouTqQQKjUJA9OZr61+ern4l9dOdP/MT5mIE00FmX3UTzjWEc6Dwj0mKdF8YggQycyumAxBAtEmzjyEr0vx/6RRKXtu2bs6KVUr8ziK6AAdomPkoVNURReohuqIoDv0gJ7Qs3VvPVov1uustWDNZ/bRt7LePwFU6qDa</latexit><latexit sha1_base64="VdqmKDOuOQLIe+2+gS3bfiK4F/o=">AAACG3icdVDLSsNAFJ3UV42vqEs3g0VwVZIi6LLgRnBTwT6gjeVmOm2HTiZxZlIoIf/hxl9x40IRV4IL/8ZJW6G+LhzmcM69zL0niDlT2nU/rMLS8srqWnHd3tjc2t5xdvcaKkokoXUS8Ui2AlCUM0HrmmlOW7GkEAacNoPRee43x1QqFolrPYmpH8JAsD4joI3UdSqdEPSQAE8vM9yhtwkb4wWpm0JAMqxvwCAwILbddUpuueLmhX8Trzx93RKaV63rvHV6EUlCKjThoFTbc2PtpyA1I5xmdidRNAYyggFtGyogpMpPp7dl+MgoPdyPpIHQeKouTqQQKjUJA9OZr61+ern4l9dOdP/MT5mIE00FmX3UTzjWEc6Dwj0mKdF8YggQycyumAxBAtEmzjyEr0vx/6RRKXtu2bs6KVUr8ziK6AAdomPkoVNURReohuqIoDv0gJ7Qs3VvPVov1uustWDNZ/bRt7LePwFU6qDa</latexit><latexit sha1_base64="VdqmKDOuOQLIe+2+gS3bfiK4F/o=">AAACG3icdVDLSsNAFJ3UV42vqEs3g0VwVZIi6LLgRnBTwT6gjeVmOm2HTiZxZlIoIf/hxl9x40IRV4IL/8ZJW6G+LhzmcM69zL0niDlT2nU/rMLS8srqWnHd3tjc2t5xdvcaKkokoXUS8Ui2AlCUM0HrmmlOW7GkEAacNoPRee43x1QqFolrPYmpH8JAsD4joI3UdSqdEPSQAE8vM9yhtwkb4wWpm0JAMqxvwCAwILbddUpuueLmhX8Trzx93RKaV63rvHV6EUlCKjThoFTbc2PtpyA1I5xmdidRNAYyggFtGyogpMpPp7dl+MgoPdyPpIHQeKouTqQQKjUJA9OZr61+ern4l9dOdP/MT5mIE00FmX3UTzjWEc6Dwj0mKdF8YggQycyumAxBAtEmzjyEr0vx/6RRKXtu2bs6KVUr8ziK6AAdomPkoVNURReohuqIoDv0gJ7Qs3VvPVov1uustWDNZ/bRt7LePwFU6qDa</latexit>

Kabc 2 Z
<latexit sha1_base64="vduIMLMlKGiqPZS6jSpyHe0D4qY=">AAACC3icdVDLSsNAFJ3UV42vqEs3Q4vgKiRF0GXBjeCmgn1gE8LMdNIOnUzCzEQoIXs3/oobF4q49Qfc+TcmaQWfB4Y5nHMv996DE86Udpx3o7a0vLK6Vl83Nza3tnes3b2eilNJaJfEPJYDjBTlTNCuZprTQSIpijCnfTw9K/3+DZWKxeJKzxLqR2gsWMgI0oUUWA0vQnpCEM8u8iBDmOTQYwJWKsbZdW6agdV07JZTAv4mrl39ThMs0AmsN28UkzSiQhOOlBq6TqL9DEnNCKe56aWKJohM0ZgOCypQRJWfVbfk8LBQRjCMZfGEhpX6tSNDkVKzCBeV5Y7qp1eKf3nDVIenfsZEkmoqyHxQmHKoY1gGA0dMUqL5rCCISFbsCskESUR0EV8Zwuel8H/Sa9muY7uXx812axFHHRyABjgCLjgBbXAOOqALCLgF9+ARPBl3xoPxbLzMS2vGomcffIPx+gFo8ZqO</latexit><latexit sha1_base64="vduIMLMlKGiqPZS6jSpyHe0D4qY=">AAACC3icdVDLSsNAFJ3UV42vqEs3Q4vgKiRF0GXBjeCmgn1gE8LMdNIOnUzCzEQoIXs3/oobF4q49Qfc+TcmaQWfB4Y5nHMv996DE86Udpx3o7a0vLK6Vl83Nza3tnes3b2eilNJaJfEPJYDjBTlTNCuZprTQSIpijCnfTw9K/3+DZWKxeJKzxLqR2gsWMgI0oUUWA0vQnpCEM8u8iBDmOTQYwJWKsbZdW6agdV07JZTAv4mrl39ThMs0AmsN28UkzSiQhOOlBq6TqL9DEnNCKe56aWKJohM0ZgOCypQRJWfVbfk8LBQRjCMZfGEhpX6tSNDkVKzCBeV5Y7qp1eKf3nDVIenfsZEkmoqyHxQmHKoY1gGA0dMUqL5rCCISFbsCskESUR0EV8Zwuel8H/Sa9muY7uXx812axFHHRyABjgCLjgBbXAOOqALCLgF9+ARPBl3xoPxbLzMS2vGomcffIPx+gFo8ZqO</latexit><latexit sha1_base64="vduIMLMlKGiqPZS6jSpyHe0D4qY=">AAACC3icdVDLSsNAFJ3UV42vqEs3Q4vgKiRF0GXBjeCmgn1gE8LMdNIOnUzCzEQoIXs3/oobF4q49Qfc+TcmaQWfB4Y5nHMv996DE86Udpx3o7a0vLK6Vl83Nza3tnes3b2eilNJaJfEPJYDjBTlTNCuZprTQSIpijCnfTw9K/3+DZWKxeJKzxLqR2gsWMgI0oUUWA0vQnpCEM8u8iBDmOTQYwJWKsbZdW6agdV07JZTAv4mrl39ThMs0AmsN28UkzSiQhOOlBq6TqL9DEnNCKe56aWKJohM0ZgOCypQRJWfVbfk8LBQRjCMZfGEhpX6tSNDkVKzCBeV5Y7qp1eKf3nDVIenfsZEkmoqyHxQmHKoY1gGA0dMUqL5rCCISFbsCskESUR0EV8Zwuel8H/Sa9muY7uXx812axFHHRyABjgCLjgBbXAOOqALCLgF9+ARPBl3xoPxbLzMS2vGomcffIPx+gFo8ZqO</latexit><latexit sha1_base64="vduIMLMlKGiqPZS6jSpyHe0D4qY=">AAACC3icdVDLSsNAFJ3UV42vqEs3Q4vgKiRF0GXBjeCmgn1gE8LMdNIOnUzCzEQoIXs3/oobF4q49Qfc+TcmaQWfB4Y5nHMv996DE86Udpx3o7a0vLK6Vl83Nza3tnes3b2eilNJaJfEPJYDjBTlTNCuZprTQSIpijCnfTw9K/3+DZWKxeJKzxLqR2gsWMgI0oUUWA0vQnpCEM8u8iBDmOTQYwJWKsbZdW6agdV07JZTAv4mrl39ThMs0AmsN28UkzSiQhOOlBq6TqL9DEnNCKe56aWKJohM0ZgOCypQRJWfVbfk8LBQRjCMZfGEhpX6tSNDkVKzCBeV5Y7qp1eKf3nDVIenfsZEkmoqyHxQmHKoY1gGA0dMUqL5rCCISFbsCskESUR0EV8Zwuel8H/Sa9muY7uXx812axFHHRyABjgCLjgBbXAOOqALCLgF9+ARPBl3xoPxbLzMS2vGomcffIPx+gFo8ZqO</latexit>

V =
ZAB

8
%A%B

<latexit sha1_base64="sO3I8XuJ0BWYRH2kjOpob99UsKQ="></latexit><latexit sha1_base64="sO3I8XuJ0BWYRH2kjOpob99UsKQ="></latexit><latexit sha1_base64="sO3I8XuJ0BWYRH2kjOpob99UsKQ="></latexit><latexit sha1_base64="sO3I8XuJ0BWYRH2kjOpob99UsKQ="></latexit>

VRR = eK

4⇢20 + gab⇢a⇢b +

4

9
K2gab⇢̃

a⇢̃b +
1

9
K2⇢̃2

�

<latexit sha1_base64="VTEHGIz46GAq1rq3wTgpbx7j0q4="></latexit><latexit sha1_base64="VTEHGIz46GAq1rq3wTgpbx7j0q4="></latexit><latexit sha1_base64="VTEHGIz46GAq1rq3wTgpbx7j0q4="></latexit><latexit sha1_base64="VTEHGIz46GAq1rq3wTgpbx7j0q4="></latexit>

Z�1 = 8eK

0

BB@

4
gab

4K2

9 gab
K2

9

1

CCA

<latexit sha1_base64="VctwH9J5ESrz4Uy2M3r89rECSGQ="></latexit><latexit sha1_base64="VctwH9J5ESrz4Uy2M3r89rECSGQ="></latexit><latexit sha1_base64="VctwH9J5ESrz4Uy2M3r89rECSGQ="></latexit><latexit sha1_base64="VctwH9J5ESrz4Uy2M3r89rECSGQ="></latexit>

- Potential generated for Kähler moduli Ta = ba + i ta


- Dim. red. 10d sugra democratic action → 4d 4-form for each flux



4-forms and potentials

• One can rotate the basis of 4-forms to remove the axion dependence from #

V =
ZAB

8
%A%B

<latexit sha1_base64="sO3I8XuJ0BWYRH2kjOpob99UsKQ="></latexit><latexit sha1_base64="sO3I8XuJ0BWYRH2kjOpob99UsKQ="></latexit><latexit sha1_base64="sO3I8XuJ0BWYRH2kjOpob99UsKQ="></latexit><latexit sha1_base64="sO3I8XuJ0BWYRH2kjOpob99UsKQ="></latexit>

F 0A
4 = RA

BF
B
4

<latexit sha1_base64="NiJPx03wjxNRQrItdriink/eNFk=">AAACCnicdVDLSsNAFJ34rPUVdelmtAguJCSloBuhrSAuq9gHNGmYTCft0MmDmYlQQtdu/BU3LhRx6xe482+cpBV8Hrjcwzn3MnOPFzMqpGm+a3PzC4tLy4WV4ura+samvrXdElHCMWniiEW84yFBGA1JU1LJSCfmBAUeI21vdJb57RvCBY3CazmOiROgQUh9ipFUkqvvwXO30kvtmNOA2EewNoGn8KpXc+u5UYdFVy+ZRtnMAH8Ty8i7WQIzNFz9ze5HOAlIKDFDQnQtM5ZOirikmJFJ0U4EiREeoQHpKhqigAgnzU+ZwAOl9KEfcVWhhLn6dSNFgRDjwFOTAZJD8dPLxL+8biL9EyelYZxIEuLpQ37CoIxglgvsU06wZGNFEOZU/RXiIeIIS5VeFsLnpfB/0ioblmlYl5VStTyLowB2wT44BBY4BlVwARqgCTC4BffgETxpd9qD9qy9TEfntNnODvgG7fUDX3yXbg==</latexit><latexit sha1_base64="NiJPx03wjxNRQrItdriink/eNFk=">AAACCnicdVDLSsNAFJ34rPUVdelmtAguJCSloBuhrSAuq9gHNGmYTCft0MmDmYlQQtdu/BU3LhRx6xe482+cpBV8Hrjcwzn3MnOPFzMqpGm+a3PzC4tLy4WV4ura+samvrXdElHCMWniiEW84yFBGA1JU1LJSCfmBAUeI21vdJb57RvCBY3CazmOiROgQUh9ipFUkqvvwXO30kvtmNOA2EewNoGn8KpXc+u5UYdFVy+ZRtnMAH8Ty8i7WQIzNFz9ze5HOAlIKDFDQnQtM5ZOirikmJFJ0U4EiREeoQHpKhqigAgnzU+ZwAOl9KEfcVWhhLn6dSNFgRDjwFOTAZJD8dPLxL+8biL9EyelYZxIEuLpQ37CoIxglgvsU06wZGNFEOZU/RXiIeIIS5VeFsLnpfB/0ioblmlYl5VStTyLowB2wT44BBY4BlVwARqgCTC4BffgETxpd9qD9qy9TEfntNnODvgG7fUDX3yXbg==</latexit><latexit sha1_base64="NiJPx03wjxNRQrItdriink/eNFk=">AAACCnicdVDLSsNAFJ34rPUVdelmtAguJCSloBuhrSAuq9gHNGmYTCft0MmDmYlQQtdu/BU3LhRx6xe482+cpBV8Hrjcwzn3MnOPFzMqpGm+a3PzC4tLy4WV4ura+samvrXdElHCMWniiEW84yFBGA1JU1LJSCfmBAUeI21vdJb57RvCBY3CazmOiROgQUh9ipFUkqvvwXO30kvtmNOA2EewNoGn8KpXc+u5UYdFVy+ZRtnMAH8Ty8i7WQIzNFz9ze5HOAlIKDFDQnQtM5ZOirikmJFJ0U4EiREeoQHpKhqigAgnzU+ZwAOl9KEfcVWhhLn6dSNFgRDjwFOTAZJD8dPLxL+8biL9EyelYZxIEuLpQ37CoIxglgvsU06wZGNFEOZU/RXiIeIIS5VeFsLnpfB/0ioblmlYl5VStTyLowB2wT44BBY4BlVwARqgCTC4BffgETxpd9qD9qy9TEfntNnODvgG7fUDX3yXbg==</latexit><latexit sha1_base64="NiJPx03wjxNRQrItdriink/eNFk=">AAACCnicdVDLSsNAFJ34rPUVdelmtAguJCSloBuhrSAuq9gHNGmYTCft0MmDmYlQQtdu/BU3LhRx6xe482+cpBV8Hrjcwzn3MnOPFzMqpGm+a3PzC4tLy4WV4ura+samvrXdElHCMWniiEW84yFBGA1JU1LJSCfmBAUeI21vdJb57RvCBY3CazmOiROgQUh9ipFUkqvvwXO30kvtmNOA2EewNoGn8KpXc+u5UYdFVy+ZRtnMAH8Ty8i7WQIzNFz9ze5HOAlIKDFDQnQtM5ZOirikmJFJ0U4EiREeoQHpKhqigAgnzU+ZwAOl9KEfcVWhhLn6dSNFgRDjwFOTAZJD8dPLxL+8biL9EyelYZxIEuLpQ37CoIxglgvsU06wZGNFEOZU/RXiIeIIS5VeFsLnpfB/0ioblmlYl5VStTyLowB2wT44BBY4BlVwARqgCTC4BffgETxpd9qD9qy9TEfntNnODvgG7fUDX3yXbg==</latexit>
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4-forms and potentials

• One can rotate the basis of 4-forms to remove the axion dependence from #
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• In this basis the #’s are quantised fluxes and arise as integration constants
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<latexit sha1_base64="JOwdJKdOr8UEG7NlhnAvJqpGaYA="></latexit><latexit sha1_base64="JOwdJKdOr8UEG7NlhnAvJqpGaYA="></latexit><latexit sha1_base64="JOwdJKdOr8UEG7NlhnAvJqpGaYA="></latexit><latexit sha1_base64="JOwdJKdOr8UEG7NlhnAvJqpGaYA="></latexit>
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• The potential displays a triple factorisation:
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<latexit sha1_base64="/cX5k+T/NUFwOIfovFBGCrF7HWs="></latexit><latexit sha1_base64="/cX5k+T/NUFwOIfovFBGCrF7HWs="></latexit><latexit sha1_base64="/cX5k+T/NUFwOIfovFBGCrF7HWs="></latexit><latexit sha1_base64="/cX5k+T/NUFwOIfovFBGCrF7HWs="></latexit>
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Recap

• We have found a potential of the form


• That V is bilinear on the fluxes is not so surprising, since we are reducing a 
10d two-derivative action
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<latexit sha1_base64="/cX5k+T/NUFwOIfovFBGCrF7HWs="></latexit><latexit sha1_base64="/cX5k+T/NUFwOIfovFBGCrF7HWs="></latexit><latexit sha1_base64="/cX5k+T/NUFwOIfovFBGCrF7HWs="></latexit><latexit sha1_base64="/cX5k+T/NUFwOIfovFBGCrF7HWs="></latexit>
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Recap

• We have found a potential of the form


• That V is bilinear on the fluxes is not so surprising, since we are reducing a 
10d two-derivative action


• The factorisation between axions and saxions is more remarkable, and it is 
related to the fact that qA are quantised but non-gauge invariant fluxes, while
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<latexit sha1_base64="sO3I8XuJ0BWYRH2kjOpob99UsKQ="></latexit><latexit sha1_base64="sO3I8XuJ0BWYRH2kjOpob99UsKQ="></latexit><latexit sha1_base64="sO3I8XuJ0BWYRH2kjOpob99UsKQ="></latexit><latexit sha1_base64="sO3I8XuJ0BWYRH2kjOpob99UsKQ="></latexit>

V =
1

8
~q t RtZ�1 R ~q

<latexit sha1_base64="/cX5k+T/NUFwOIfovFBGCrF7HWs="></latexit><latexit sha1_base64="/cX5k+T/NUFwOIfovFBGCrF7HWs="></latexit><latexit sha1_base64="/cX5k+T/NUFwOIfovFBGCrF7HWs="></latexit><latexit sha1_base64="/cX5k+T/NUFwOIfovFBGCrF7HWs="></latexit>
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<latexit sha1_base64="Imwie3aihShRHPgj+mCJvizxhUc=">AAACCnicdVDLSgNBEJz1bXxFPXppDYIHWWaDiXoQBC8eo5hEyC5hdjJrhsw+nJkNhGXPXvwVLx4U8eoXePNvnDwEFS1oKKq66e7yE8GVxvjDmpqemZ2bX1gsLC2vrK4V1zcaKk4lZXUai1he+0QxwSNW11wLdp1IRkJfsKbfOxv6zT6TisfRlR4kzAvJTcQDTok2Uru47fYZzVzZjXOAEwDIXD+Ay9zdh5Fzm7eLJWxXsHNcdQDbeARDyhV8fITBmSglNEGtXXx3OzFNQxZpKohSLQcn2suI1JwKlhfcVLGE0B65YS1DIxIy5WWjV3LYNUoHgliaijSM1O8TGQmVGoS+6QyJ7qrf3lD8y2ulOjjyMh4lqWYRHS8KUgE6hmEu0OGSUS0GhhAqubkVaJdIQrVJr2BC+PoU/ieNsu1g27k4KJ1WJ3EsoC20g/aQgw7RKTpHNVRHFN2hB/SEnq1769F6sV7HrVPWZGYT/YD19glfZZlk</latexit><latexit sha1_base64="Imwie3aihShRHPgj+mCJvizxhUc=">AAACCnicdVDLSgNBEJz1bXxFPXppDYIHWWaDiXoQBC8eo5hEyC5hdjJrhsw+nJkNhGXPXvwVLx4U8eoXePNvnDwEFS1oKKq66e7yE8GVxvjDmpqemZ2bX1gsLC2vrK4V1zcaKk4lZXUai1he+0QxwSNW11wLdp1IRkJfsKbfOxv6zT6TisfRlR4kzAvJTcQDTok2Uru47fYZzVzZjXOAEwDIXD+Ay9zdh5Fzm7eLJWxXsHNcdQDbeARDyhV8fITBmSglNEGtXXx3OzFNQxZpKohSLQcn2suI1JwKlhfcVLGE0B65YS1DIxIy5WWjV3LYNUoHgliaijSM1O8TGQmVGoS+6QyJ7qrf3lD8y2ulOjjyMh4lqWYRHS8KUgE6hmEu0OGSUS0GhhAqubkVaJdIQrVJr2BC+PoU/ieNsu1g27k4KJ1WJ3EsoC20g/aQgw7RKTpHNVRHFN2hB/SEnq1769F6sV7HrVPWZGYT/YD19glfZZlk</latexit><latexit sha1_base64="Imwie3aihShRHPgj+mCJvizxhUc=">AAACCnicdVDLSgNBEJz1bXxFPXppDYIHWWaDiXoQBC8eo5hEyC5hdjJrhsw+nJkNhGXPXvwVLx4U8eoXePNvnDwEFS1oKKq66e7yE8GVxvjDmpqemZ2bX1gsLC2vrK4V1zcaKk4lZXUai1he+0QxwSNW11wLdp1IRkJfsKbfOxv6zT6TisfRlR4kzAvJTcQDTok2Uru47fYZzVzZjXOAEwDIXD+Ay9zdh5Fzm7eLJWxXsHNcdQDbeARDyhV8fITBmSglNEGtXXx3OzFNQxZpKohSLQcn2suI1JwKlhfcVLGE0B65YS1DIxIy5WWjV3LYNUoHgliaijSM1O8TGQmVGoS+6QyJ7qrf3lD8y2ulOjjyMh4lqWYRHS8KUgE6hmEu0OGSUS0GhhAqubkVaJdIQrVJr2BC+PoU/ieNsu1g27k4KJ1WJ3EsoC20g/aQgw7RKTpHNVRHFN2hB/SEnq1769F6sV7HrVPWZGYT/YD19glfZZlk</latexit><latexit sha1_base64="Imwie3aihShRHPgj+mCJvizxhUc=">AAACCnicdVDLSgNBEJz1bXxFPXppDYIHWWaDiXoQBC8eo5hEyC5hdjJrhsw+nJkNhGXPXvwVLx4U8eoXePNvnDwEFS1oKKq66e7yE8GVxvjDmpqemZ2bX1gsLC2vrK4V1zcaKk4lZXUai1he+0QxwSNW11wLdp1IRkJfsKbfOxv6zT6TisfRlR4kzAvJTcQDTok2Uru47fYZzVzZjXOAEwDIXD+Ay9zdh5Fzm7eLJWxXsHNcdQDbeARDyhV8fITBmSglNEGtXXx3OzFNQxZpKohSLQcn2suI1JwKlhfcVLGE0B65YS1DIxIy5WWjV3LYNUoHgliaijSM1O8TGQmVGoS+6QyJ7qrf3lD8y2ulOjjyMh4lqWYRHS8KUgE6hmEu0OGSUS0GhhAqubkVaJdIQrVJr2BC+PoU/ieNsu1g27k4KJ1WJ3EsoC20g/aQgw7RKTpHNVRHFN2hB/SEnq1769F6sV7HrVPWZGYT/YD19glfZZlk</latexit>

correspond to gauge invariant, non-quantised fluxes
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<latexit sha1_base64="x0BXKb1SajpDV503ur1ZUrVuoRQ="></latexit><latexit sha1_base64="x0BXKb1SajpDV503ur1ZUrVuoRQ="></latexit><latexit sha1_base64="x0BXKb1SajpDV503ur1ZUrVuoRQ="></latexit><latexit sha1_base64="x0BXKb1SajpDV503ur1ZUrVuoRQ="></latexit>
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Recap

• We have found a potential of the form


• That V is bilinear on the fluxes is not so surprising, since we are reducing a 
10d two-derivative action


• The factorisation between axions and saxions is more remarkable, and it is 
related to the fact that qA are quantised but non-gauge invariant fluxes, while


• In 4d, the entries ρA are axion polynomials invariant under a discrete shift 
symmetry. This protection makes them the basic building blocks of V.


• Things become more transparent once we understand the matrix R…

V =
ZAB

8
%A%B
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~⇢ = R ~q
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correspond to gauge invariant, non-quantised fluxes



Understanding R



R and Freed-Witten anomalies

• Microscopically, R is determined by the discrete data of the compactification. 
More precisely it is determined by the Freed-Witten anomalies of 4d strings


• Type IIB example: D7-brane wrapping X6 → 4d string




R and Freed-Witten anomalies
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• Microscopically, R is determined by the discrete data of the compactification. 
More precisely it is determined by the Freed-Witten anomalies of 4d strings


• Type IIB example: D7-brane wrapping X6 → 4d string
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• Microscopically, R is determined by the discrete data of the compactification. 
More precisely it is determined by the Freed-Witten anomalies of 4d strings


• Type IIB example: D7-brane wrapping X6 → 4d string


• Alternatively: 
Hanany-Witten 
effect



R and Freed-Witten anomalies

• Microscopically, R is determined by the discrete data of the compactification. 
More precisely it is determined by the Freed-Witten anomalies of 4d strings


• Macroscopically: C0 axion lifted by a potential generated by H3


W =

Z

X6

(F3 � ⌧H3) ^ ⌦
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FW anomalies in type IIA

• In type IIA compactifications with RR fluxes, FW anomalies are developed by 
NS5-branes on 4-cycles:
above are summarised in table 1, adapted from table 3 of [30]. The table also displays

String Flux Domain wall Rank

type cycle type type cycle

NS5 [⇡a
4 ] 2 H4(M6,Z) F4 = eb!̃b D2 � R

⇡a
4
F4 = eb

NS5 [⇡a
4 ] 2 H4(M6,Z) F2 = mb!b D4 ⇡2 2 P.D.[F2 ^ !a]

R
⇡2
!c = Kabcmb

NS5 [⇡a
4 ] 2 H4(M6,Z) F0 = m D6 [⇡a

4 ] m

D4 [⇡K
3 ] 2 H3(M6,Z) H = hK�K D2 � R

⇡K
3
H = hK

Table 1: 4d strings that develop Freed-Witten anomalies in type IIA flux compactifi-

cations, together with the fluxes creating the anomaly and the domain walls curing it.

The last column shows the amount of domain walls in terms of flux quanta.

the kind of domain walls that are necessary to cure each anomaly, the internal cycle

that they wrap and their multiplicity.

Interestingly, one can encode the information of table 1 in a set of square matrices.

Indeed, notice that each 4d string can be seen as a linear map sending a quantised

flux (the one creating the anomaly) to a 4d domain wall (the one curing the anomaly).

Now, since the space of 4d domain walls is in one-to-one correspondence with the set

of 4d four-forms that they couple to, and the latter is in one-to-one correspondence

with the set of internal fluxes, we end up having an endomorphism in the lattice

of quantised fluxes. If we represent the lattice of closed string fluxes by the vector

ls%A = (e0, ea,ma,m, hK) then we can represent the endomorphisms for each of the

above 4d strings as a set of square matrices

Pa =

0

BBBBBBB@

0 ~� t
a 0 0 0

0 0 Kabc 0 0

0 0 0 ~�a 0

0 0 0 0 0

0 0 0 0 0

1

CCCCCCCA

, PK =

0

BBBBBBB@

0 0 0 0 ~� t
K

0 0 0 0 0

0 0 0 0 0

0 0 0 0 0

0 0 0 0 0

1

CCCCCCCA

, (4.1)

with (~�a)b = �ab. Here Pa represents a NS5-brane wrapping the four-cycle class [⇡a
4 ] =

P.D.[!a] and PK a D4-brane wrapping the three-cycle class [⇡K
3 ] = P.D.[↵K ]. For

instance, Pa maps a 0-flux m to m units of two-form flux F2 along !a. This is precisely

the flux jump when crossing a 4d domain wall made of m D6-branes wrapping ⇡a
4 ,

which is the brane content needed to cancel the corresponding FW anomaly.
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with (~�a)b = �ab. Here Pa represents a NS5-brane wrapping the four-cycle class [⇡a
4 ] =

P.D.[!a] and PK a D4-brane wrapping the three-cycle class [⇡K
3 ] = P.D.[↵K ]. For

instance, Pa maps a 0-flux m to m units of two-form flux F2 along !a. This is precisely

the flux jump when crossing a 4d domain wall made of m D6-branes wrapping ⇡a
4 ,

which is the brane content needed to cancel the corresponding FW anomaly.
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creates FW 
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cures FW 
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to NS5-brane
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Z

X6
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a +mba)(mb +mbb)
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• In type IIA compactifications with RR fluxes, FW anomalies are developed by 
NS5-branes on 4-cycles:
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• In type IIA compactifications with RR fluxes, FW anomalies are developed by 
NS5-branes on 4-cycles:


FW anomalies in type IIA

above are summarised in table 1, adapted from table 3 of [30]. The table also displays

String Flux Domain wall Rank

type cycle type type cycle
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Table 1: 4d strings that develop Freed-Witten anomalies in type IIA flux compactifi-

cations, together with the fluxes creating the anomaly and the domain walls curing it.

The last column shows the amount of domain walls in terms of flux quanta.

the kind of domain walls that are necessary to cure each anomaly, the internal cycle

that they wrap and their multiplicity.

Interestingly, one can encode the information of table 1 in a set of square matrices.

Indeed, notice that each 4d string can be seen as a linear map sending a quantised

flux (the one creating the anomaly) to a 4d domain wall (the one curing the anomaly).

Now, since the space of 4d domain walls is in one-to-one correspondence with the set

of 4d four-forms that they couple to, and the latter is in one-to-one correspondence

with the set of internal fluxes, we end up having an endomorphism in the lattice

of quantised fluxes. If we represent the lattice of closed string fluxes by the vector

ls%A = (e0, ea,ma,m, hK) then we can represent the endomorphisms for each of the

above 4d strings as a set of square matrices

Pa =
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a 0 0 0
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, PK =
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1

CCCCCCCA

, (4.1)

with (~�a)b = �ab. Here Pa represents a NS5-brane wrapping the four-cycle class [⇡a
4 ] =

P.D.[!a] and PK a D4-brane wrapping the three-cycle class [⇡K
3 ] = P.D.[↵K ]. For

instance, Pa maps a 0-flux m to m units of two-form flux F2 along !a. This is precisely

the flux jump when crossing a 4d domain wall made of m D6-branes wrapping ⇡a
4 ,

which is the brane content needed to cancel the corresponding FW anomaly.
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Can be encoded 
in a matrix:

Pa =

0

BB@

0 ~� t
a 0 0

0 0 Kabc 0

0 0 0 ~�a
0 0 0 0

1
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• In type IIA compactifications with RR fluxes, FW anomalies are developed by 
NS5-branes on 4-cycles:


FW anomalies in type IIA

Pa =

0

BB@

0 ~� t
a 0 0

0 0 Kabc 0

0 0 0 ~�a
0 0 0 0

1

CCA
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=

0

BBBBB@
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0 0 0 1

1
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• Alternatively: R describes the internal DW charges induced by the B-field                
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→ Charge monodromy matrix



R and discrete shift symmetries

• We have that 


• Axions of unit period


• Compensated by a shift of flux quanta so that ρ remains invariant
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- Generalisation of the discrete symmetry in KS


- Multi-branched scalar potential
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• Since the discrete shift symmetry is of gauge nature, the superpotential W   
is also invariant under it


• In fact W and ρA contain the same information (in the large volume limit):


ρ and the superpotential

W = ⇧ t( ) · ~q
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Recap

• The axion-dependent matrix R defining the invariants ρA is specified by 
discrete, topological data of the compactification. In particular by the FW 
anomalies developed by 4d string defects.


• In particular, each 4d string corresponds to an integer valued, nilpotent 
matrix Pa that acts on fluxes and axions and leaves the ρA invariant


• This generalises the discrete shift symmetry and multi-branched structure of 
the KS potential. The corrections to V must be functions of ρA and not of V.  
In principle there could be a correction of the form


• All this information is gathered in a master polynomial ρ0 = W|s=0


• All these results hold when we add NS-fluxes and D6-branes…  
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<latexit sha1_base64="YioEZeK04wE2ENoDwVuH38wzHSE=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEN5ZERN0IBTcuq9gHNGm4mU7aoZMHMxOhhODGX3HjQhG3foU7/8bpA9HWAxcO59zLvff4CWdSWdaXUVhYXFpeKa6W1tY3NrfM7Z2GjFNBaJ3EPBYtHyTlLKJ1xRSnrURQCH1Om/7gauQ376mQLI7u1DChbgi9iAWMgNKSZ+5ljh/g2xxfYtrJjp2kzzpQ8yDHnlm2KtYY+IfYs6SMpqh55qfTjUka0kgRDlK2bStRbgZCMcJpXnJSSRMgA+jRtqYRhFS62fiFHB9qpYuDWOiKFB6rvycyCKUchr7uDEH15aw3Ev/z2qkKLtyMRUmqaEQmi4KUYxXjUR64ywQlig81ASKYvhWTPgggSqdW0iHMvTxPGicV26rYN6fl6tk0jiLaRwfoCNnoHFXRNaqhOiLoAT2hF/RqPBrPxpvxPmktGNOZXfQHxsc3ZTqWGQ==</latexit><latexit sha1_base64="YioEZeK04wE2ENoDwVuH38wzHSE=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEN5ZERN0IBTcuq9gHNGm4mU7aoZMHMxOhhODGX3HjQhG3foU7/8bpA9HWAxcO59zLvff4CWdSWdaXUVhYXFpeKa6W1tY3NrfM7Z2GjFNBaJ3EPBYtHyTlLKJ1xRSnrURQCH1Om/7gauQ376mQLI7u1DChbgi9iAWMgNKSZ+5ljh/g2xxfYtrJjp2kzzpQ8yDHnlm2KtYY+IfYs6SMpqh55qfTjUka0kgRDlK2bStRbgZCMcJpXnJSSRMgA+jRtqYRhFS62fiFHB9qpYuDWOiKFB6rvycyCKUchr7uDEH15aw3Ev/z2qkKLtyMRUmqaEQmi4KUYxXjUR64ywQlig81ASKYvhWTPgggSqdW0iHMvTxPGicV26rYN6fl6tk0jiLaRwfoCNnoHFXRNaqhOiLoAT2hF/RqPBrPxpvxPmktGNOZXfQHxsc3ZTqWGQ==</latexit><latexit sha1_base64="YioEZeK04wE2ENoDwVuH38wzHSE=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEN5ZERN0IBTcuq9gHNGm4mU7aoZMHMxOhhODGX3HjQhG3foU7/8bpA9HWAxcO59zLvff4CWdSWdaXUVhYXFpeKa6W1tY3NrfM7Z2GjFNBaJ3EPBYtHyTlLKJ1xRSnrURQCH1Om/7gauQ376mQLI7u1DChbgi9iAWMgNKSZ+5ljh/g2xxfYtrJjp2kzzpQ8yDHnlm2KtYY+IfYs6SMpqh55qfTjUka0kgRDlK2bStRbgZCMcJpXnJSSRMgA+jRtqYRhFS62fiFHB9qpYuDWOiKFB6rvycyCKUchr7uDEH15aw3Ev/z2qkKLtyMRUmqaEQmi4KUYxXjUR64ywQlig81ASKYvhWTPgggSqdW0iHMvTxPGicV26rYN6fl6tk0jiLaRwfoCNnoHFXRNaqhOiLoAT2hF/RqPBrPxpvxPmktGNOZXfQHxsc3ZTqWGQ==</latexit><latexit sha1_base64="YioEZeK04wE2ENoDwVuH38wzHSE=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEN5ZERN0IBTcuq9gHNGm4mU7aoZMHMxOhhODGX3HjQhG3foU7/8bpA9HWAxcO59zLvff4CWdSWdaXUVhYXFpeKa6W1tY3NrfM7Z2GjFNBaJ3EPBYtHyTlLKJ1xRSnrURQCH1Om/7gauQ376mQLI7u1DChbgi9iAWMgNKSZ+5ljh/g2xxfYtrJjp2kzzpQ8yDHnlm2KtYY+IfYs6SMpqh55qfTjUka0kgRDlK2bStRbgZCMcJpXnJSSRMgA+jRtqYRhFS62fiFHB9qpYuDWOiKFB6rvycyCKUchr7uDEH15aw3Ev/z2qkKLtyMRUmqaEQmi4KUYxXjUR64ywQlig81ASKYvhWTPgggSqdW0iHMvTxPGicV26rYN6fl6tk0jiLaRwfoCNnoHFXRNaqhOiLoAT2hF/RqPBrPxpvxPmktGNOZXfQHxsc3ZTqWGQ==</latexit>

SBB alsK 2. ValBnTPBlaWs talG



Generalisations



Adding H3 flux

• New 4d strings get FW anomalies (D4’s) ⟷ new axions enter V :      


• Z larger and no longer definite positive
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Z
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<latexit sha1_base64="gPhzo2M/Aryeaev9qZkVjP+Qu18=">AAACBXicdVDLSsNAFJ34rPUVdamLwSK4Ckkr2C6EQjeCLirYBzQxTCbTduhkEmYmYgnduPFX3LhQxK3/4M6/cfoQfB4YOJxzD3fuCRJGpbLtd2NufmFxaTm3kl9dW9/YNLe2mzJOBSYNHLNYtAMkCaOcNBRVjLQTQVAUMNIKBrWx37omQtKYX6phQrwI9TjtUoyUlnxzz72hV2fwBLqUKz9zz3U0RP5gBGt+yTcLtmVXynapAn8Tx7InKIAZ6r755oYxTiPCFWZIyo5jJ8rLkFAUMzLKu6kkCcID1CMdTTmKiPSyyRUjeKCVEHZjoR9XcKJ+TWQoknIYBXoyQqovf3pj8S+vk6pu2csoT1JFOJ4u6qYMqhiOK4EhFQQrNtQEYUH1XyHuI4Gw0sXldQmfl8L/SbNoObblXBwVqsVZHTmwC/bBIXDAMaiCU1AHDYDBLbgHj+DJuDMejGfjZTo6Z8wyO+AbjNcPUXaXxw==</latexit><latexit sha1_base64="gPhzo2M/Aryeaev9qZkVjP+Qu18=">AAACBXicdVDLSsNAFJ34rPUVdamLwSK4Ckkr2C6EQjeCLirYBzQxTCbTduhkEmYmYgnduPFX3LhQxK3/4M6/cfoQfB4YOJxzD3fuCRJGpbLtd2NufmFxaTm3kl9dW9/YNLe2mzJOBSYNHLNYtAMkCaOcNBRVjLQTQVAUMNIKBrWx37omQtKYX6phQrwI9TjtUoyUlnxzz72hV2fwBLqUKz9zz3U0RP5gBGt+yTcLtmVXynapAn8Tx7InKIAZ6r755oYxTiPCFWZIyo5jJ8rLkFAUMzLKu6kkCcID1CMdTTmKiPSyyRUjeKCVEHZjoR9XcKJ+TWQoknIYBXoyQqovf3pj8S+vk6pu2csoT1JFOJ4u6qYMqhiOK4EhFQQrNtQEYUH1XyHuI4Gw0sXldQmfl8L/SbNoObblXBwVqsVZHTmwC/bBIXDAMaiCU1AHDYDBLbgHj+DJuDMejGfjZTo6Z8wyO+AbjNcPUXaXxw==</latexit><latexit sha1_base64="gPhzo2M/Aryeaev9qZkVjP+Qu18=">AAACBXicdVDLSsNAFJ34rPUVdamLwSK4Ckkr2C6EQjeCLirYBzQxTCbTduhkEmYmYgnduPFX3LhQxK3/4M6/cfoQfB4YOJxzD3fuCRJGpbLtd2NufmFxaTm3kl9dW9/YNLe2mzJOBSYNHLNYtAMkCaOcNBRVjLQTQVAUMNIKBrWx37omQtKYX6phQrwI9TjtUoyUlnxzz72hV2fwBLqUKz9zz3U0RP5gBGt+yTcLtmVXynapAn8Tx7InKIAZ6r755oYxTiPCFWZIyo5jJ8rLkFAUMzLKu6kkCcID1CMdTTmKiPSyyRUjeKCVEHZjoR9XcKJ+TWQoknIYBXoyQqovf3pj8S+vk6pu2csoT1JFOJ4u6qYMqhiOK4EhFQQrNtQEYUH1XyHuI4Gw0sXldQmfl8L/SbNoObblXBwVqsVZHTmwC/bBIXDAMaiCU1AHDYDBLbgHj+DJuDMejGfjZTo6Z8wyO+AbjNcPUXaXxw==</latexit><latexit sha1_base64="gPhzo2M/Aryeaev9qZkVjP+Qu18=">AAACBXicdVDLSsNAFJ34rPUVdamLwSK4Ckkr2C6EQjeCLirYBzQxTCbTduhkEmYmYgnduPFX3LhQxK3/4M6/cfoQfB4YOJxzD3fuCRJGpbLtd2NufmFxaTm3kl9dW9/YNLe2mzJOBSYNHLNYtAMkCaOcNBRVjLQTQVAUMNIKBrWx37omQtKYX6phQrwI9TjtUoyUlnxzz72hV2fwBLqUKz9zz3U0RP5gBGt+yTcLtmVXynapAn8Tx7InKIAZ6r755oYxTiPCFWZIyo5jJ8rLkFAUMzLKu6kkCcID1CMdTTmKiPSyyRUjeKCVEHZjoR9XcKJ+TWQoknIYBXoyQqovf3pj8S+vk6pu2csoT1JFOJ4u6qYMqhiOK4EhFQQrNtQEYUH1XyHuI4Gw0sXldQmfl8L/SbNoObblXBwVqsVZHTmwC/bBIXDAMaiCU1AHDYDBLbgHj+DJuDMejGfjZTo6Z8wyO+AbjNcPUXaXxw==</latexit>
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D6-brane deficit
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<latexit sha1_base64="tpfqNCTva8P91QYZ1AMK/bMZscY="></latexit><latexit sha1_base64="tpfqNCTva8P91QYZ1AMK/bMZscY="></latexit><latexit sha1_base64="tpfqNCTva8P91QYZ1AMK/bMZscY="></latexit><latexit sha1_base64="tpfqNCTva8P91QYZ1AMK/bMZscY="></latexit>

→ Allows to obtain AdS4 vacua
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<latexit sha1_base64="DPNsRYnZX/3z1Pix8ZZl1uP7zO4="></latexit><latexit sha1_base64="DPNsRYnZX/3z1Pix8ZZl1uP7zO4="></latexit><latexit sha1_base64="DPNsRYnZX/3z1Pix8ZZl1uP7zO4="></latexit><latexit sha1_base64="DPNsRYnZX/3z1Pix8ZZl1uP7zO4="></latexit>



Adding D6-branes

• New fluxes: nF, nai     


• New fields

X

M

gluon

6

4

- 3-cycle deformations X


- Wilson lines A

• Both classes of moduli are counted by the number of harmonic                                   
1-forms in $3. We then have b1($3) complex moduli


• For each complex modulus/harmonic 1-form we have one non-trivial 2-cycle in $3, 
on which we can switch on a flux nF. Moreover, such 2-cycle may be trivial or non-
trivial in the compactification six-manifold → flux nai
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Jc = B + iJ = T a!a

0.5.  7BDaladK  ZKccaMatKW14 
-­aMta Bt al.W16

W = e0 � eaT
a +

1

2
Kabcm

aT bT c �m
1

6
KabcT

aT bT c � hKNK � �i(nF i � na iT
a)
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Adding D6-branes

X

M

gluon

6

4

• The structure of the potential is

V = V
RR+CS

+ V
NS

+ V
DBI

+ V
loc
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which again can be rewritten as 

V =
1

8
~q t RtZ�1 R ~q
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fluxessaxions axions

• R depends on the 4d axions


• Z-1 not always invertible

ba , ✓̂i = baf i
a � ✓i , ⇠K = ReNK = ⇠0K � (. . . )
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• One can also consider type IIA with RR, NS and metric fluxes


• Example worked out: Z2 x Z2 orientifold


• Everything works the same                                           with qA now containing 
the metric fluxes


• Z-1 obtained from standard N=1 formula is a priori not invertible:               
only when the Bianchi identities for the fluxes are imposed

Metric fluxes

V =
1

8
~q t RtZ�1 R ~q
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fluxessaxions axions

- V4d SUGRA matches V


- Z-1 is invertible (needed for 4-form formalism)

VFlladKMK & ZRFMnBMW05

Criterion for consistency



Conclusions V =
ZAB

8
%A%B

<latexit sha1_base64="sO3I8XuJ0BWYRH2kjOpob99UsKQ="></latexit><latexit sha1_base64="sO3I8XuJ0BWYRH2kjOpob99UsKQ="></latexit><latexit sha1_base64="sO3I8XuJ0BWYRH2kjOpob99UsKQ="></latexit><latexit sha1_base64="sO3I8XuJ0BWYRH2kjOpob99UsKQ="></latexit>

X6

• We have computed the classical scalar potential for type IIA CY orientifolds in 
the presence of RR+NS fluxes and D6-branes


• The CY condition is not essential, but it gives us the spectrum of moduli, 
internal fluxes and 4d defects 



Conclusions V =
ZAB

8
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• We have computed the classical scalar potential for type IIA CY orientifolds in 
the presence of RR+NS fluxes and D6-branes


• The CY condition is not essential, but it gives us the spectrum of moduli, 
internal fluxes and 4d defects 


• We have found a bilinear structure and a triple factorisation                               
between saxions, unit period axions and quantised fluxes


• Microscopically, this comes from gauge invariance (gauge inv. fluxes, FW, HW)


• Macroscopically, this translates into a discrete shift symmetry that relates 
different branches of the scalar potential V, and defines the invariants ρA that 
any flux-dependent quantity must defend on, even after UV corrections


• To connect with the 4-form formalism Z-1 must be invertible. This seems to 
be related to the consistency conditions between different fluxes.


V =
1

8
~q t RtZ�1 R ~q

<latexit sha1_base64="/cX5k+T/NUFwOIfovFBGCrF7HWs="></latexit><latexit sha1_base64="/cX5k+T/NUFwOIfovFBGCrF7HWs="></latexit><latexit sha1_base64="/cX5k+T/NUFwOIfovFBGCrF7HWs="></latexit><latexit sha1_base64="/cX5k+T/NUFwOIfovFBGCrF7HWs="></latexit>

fluxessaxions axions




