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• Non-perturbative effects (e.g. gaugino condensation) are crucial ingredients 
in string phenomenology, in particular for moduli stabilization and 
construction of AdS/dS vacua (e.g. KKLT and LVS) 

• Gaugino condensation is an IR effect which is typically understood in the 4d 
EFT 

‣ Its description in the UV 10d theory is somewhat obscure.

• However, the 10d perspective can provide insights difficult to observe 
directly on the 4d EFT: e.g. no-go theorems a la Maldacena-Nunez. 

• Our goal is to understand these effects from the 10d perspective (setup: type 
IIB orientifold compactifications with D7-branes).

Motivation



• Consider a minimal KKLT setup: D7-brane stacks and 3-form fluxes on a CY 
orientifold with Kahler modulus T 

‣ N=1 SYM with                                            and                            

• Gaugino condensation occurs in the 4d EFT: 

‣ These are the leading terms (in 1/T) of the F-term potential with 

Motivation

W0 =

Z
G ^ ⌦

<latexit sha1_base64="mJpNWtX1bNwO1PRi3BLSKTA5guo=">AAACAHicdVDJSgNBEO1xjXEb9eDBS2MQPIWeYGJyEAIe9GYEs0BmGHo6laRJz0J3jxJCLv6KFw+KePUzvPk3dhZBRR8UPN6roqpekAiuNCEf1sLi0vLKamYtu76xubVt7+w2VJxKBnUWi1i2AqpA8AjqmmsBrUQCDQMBzWBwPvGbtyAVj6MbPUzAC2kv4l3OqDaSb+83fXLm8kjjC/cOOj3A7lUIPerbOZInU2CSLxRJpTwhReJUSg525lYOzVHz7Xe3E7M0hEgzQZVqOyTR3ohKzZmAcdZNFSSUDWgP2oZGNATljaYPjPGRUTq4G0tT5pSp+n1iREOlhmFgOkOq++q3NxH/8tqp7pa9EY+SVEPEZou6qcA6xpM0cIdLYFoMDaFMcnMrZn0qKdMms6wJ4etT/D9pFPIOyTvXJ7lqaR5HBh2gQ3SMHHSKqugS1VAdMTRGD+gJPVv31qP1Yr3OWhes+cwe+gHr7ROHoJWx</latexit><latexit sha1_base64="mJpNWtX1bNwO1PRi3BLSKTA5guo=">AAACAHicdVDJSgNBEO1xjXEb9eDBS2MQPIWeYGJyEAIe9GYEs0BmGHo6laRJz0J3jxJCLv6KFw+KePUzvPk3dhZBRR8UPN6roqpekAiuNCEf1sLi0vLKamYtu76xubVt7+w2VJxKBnUWi1i2AqpA8AjqmmsBrUQCDQMBzWBwPvGbtyAVj6MbPUzAC2kv4l3OqDaSb+83fXLm8kjjC/cOOj3A7lUIPerbOZInU2CSLxRJpTwhReJUSg525lYOzVHz7Xe3E7M0hEgzQZVqOyTR3ohKzZmAcdZNFSSUDWgP2oZGNATljaYPjPGRUTq4G0tT5pSp+n1iREOlhmFgOkOq++q3NxH/8tqp7pa9EY+SVEPEZou6qcA6xpM0cIdLYFoMDaFMcnMrZn0qKdMms6wJ4etT/D9pFPIOyTvXJ7lqaR5HBh2gQ3SMHHSKqugS1VAdMTRGD+gJPVv31qP1Yr3OWhes+cwe+gHr7ROHoJWx</latexit><latexit sha1_base64="mJpNWtX1bNwO1PRi3BLSKTA5guo=">AAACAHicdVDJSgNBEO1xjXEb9eDBS2MQPIWeYGJyEAIe9GYEs0BmGHo6laRJz0J3jxJCLv6KFw+KePUzvPk3dhZBRR8UPN6roqpekAiuNCEf1sLi0vLKamYtu76xubVt7+w2VJxKBnUWi1i2AqpA8AjqmmsBrUQCDQMBzWBwPvGbtyAVj6MbPUzAC2kv4l3OqDaSb+83fXLm8kjjC/cOOj3A7lUIPerbOZInU2CSLxRJpTwhReJUSg525lYOzVHz7Xe3E7M0hEgzQZVqOyTR3ohKzZmAcdZNFSSUDWgP2oZGNATljaYPjPGRUTq4G0tT5pSp+n1iREOlhmFgOkOq++q3NxH/8tqp7pa9EY+SVEPEZou6qcA6xpM0cIdLYFoMDaFMcnMrZn0qKdMms6wJ4etT/D9pFPIOyTvXJ7lqaR5HBh2gQ3SMHHSKqugS1VAdMTRGD+gJPVv31qP1Yr3OWhes+cwe+gHr7ROHoJWx</latexit><latexit sha1_base64="mJpNWtX1bNwO1PRi3BLSKTA5guo=">AAACAHicdVDJSgNBEO1xjXEb9eDBS2MQPIWeYGJyEAIe9GYEs0BmGHo6laRJz0J3jxJCLv6KFw+KePUzvPk3dhZBRR8UPN6roqpekAiuNCEf1sLi0vLKamYtu76xubVt7+w2VJxKBnUWi1i2AqpA8AjqmmsBrUQCDQMBzWBwPvGbtyAVj6MbPUzAC2kv4l3OqDaSb+83fXLm8kjjC/cOOj3A7lUIPerbOZInU2CSLxRJpTwhReJUSg525lYOzVHz7Xe3E7M0hEgzQZVqOyTR3ohKzZmAcdZNFSSUDWgP2oZGNATljaYPjPGRUTq4G0tT5pSp+n1iREOlhmFgOkOq++q3NxH/8tqp7pa9EY+SVEPEZou6qcA6xpM0cIdLYFoMDaFMcnMrZn0qKdMms6wJ4etT/D9pFPIOyTvXJ7lqaR5HBh2gQ3SMHHSKqugS1VAdMTRGD+gJPVv31qP1Yr3OWhes+cwe+gHr7ROHoJWx</latexit>

K = �3 log(T +

¯T ) + . . .
<latexit sha1_base64="EwDyPNm5VsE4CbuZ48uUFePdQdc=">AAACBHicdVDLSgMxFM34rPVVddlNsAiVYslUW9uFUHAjuKnQF3RKyaRpG5qZDElGKEMXbvwVNy4UcetHuPNvzLQVVPTAhcM593LvPW7AmdIIfVhLyyura+uJjeTm1vbObmpvv6lEKAltEMGFbLtYUc582tBMc9oOJMWey2nLHV/GfuuWSsWEX9eTgHY9PPTZgBGsjdRLpa8vTk4dLoYwW885LpZRfXqcc3hfaNVLZVAezQBRvlBElXJMisiulGxoL6wMWKDWS707fUFCj/qacKxUx0aB7kZYakY4nSadUNEAkzEe0o6hPvao6kazJ6bwyCh9OBDSlK/hTP0+EWFPqYnnmk4P65H67cXiX14n1INyN2J+EGrqk/miQcihFjBOBPaZpETziSGYSGZuhWSEJSba5JY0IXx9Cv8nzULeRnn75ixTLS3iSIA0OARZYINzUAVXoAYagIA78ACewLN1bz1aL9brvHXJWswcgB+w3j4BuceW2w==</latexit><latexit sha1_base64="EwDyPNm5VsE4CbuZ48uUFePdQdc=">AAACBHicdVDLSgMxFM34rPVVddlNsAiVYslUW9uFUHAjuKnQF3RKyaRpG5qZDElGKEMXbvwVNy4UcetHuPNvzLQVVPTAhcM593LvPW7AmdIIfVhLyyura+uJjeTm1vbObmpvv6lEKAltEMGFbLtYUc582tBMc9oOJMWey2nLHV/GfuuWSsWEX9eTgHY9PPTZgBGsjdRLpa8vTk4dLoYwW885LpZRfXqcc3hfaNVLZVAezQBRvlBElXJMisiulGxoL6wMWKDWS707fUFCj/qacKxUx0aB7kZYakY4nSadUNEAkzEe0o6hPvao6kazJ6bwyCh9OBDSlK/hTP0+EWFPqYnnmk4P65H67cXiX14n1INyN2J+EGrqk/miQcihFjBOBPaZpETziSGYSGZuhWSEJSba5JY0IXx9Cv8nzULeRnn75ixTLS3iSIA0OARZYINzUAVXoAYagIA78ACewLN1bz1aL9brvHXJWswcgB+w3j4BuceW2w==</latexit><latexit sha1_base64="EwDyPNm5VsE4CbuZ48uUFePdQdc=">AAACBHicdVDLSgMxFM34rPVVddlNsAiVYslUW9uFUHAjuKnQF3RKyaRpG5qZDElGKEMXbvwVNy4UcetHuPNvzLQVVPTAhcM593LvPW7AmdIIfVhLyyura+uJjeTm1vbObmpvv6lEKAltEMGFbLtYUc582tBMc9oOJMWey2nLHV/GfuuWSsWEX9eTgHY9PPTZgBGsjdRLpa8vTk4dLoYwW885LpZRfXqcc3hfaNVLZVAezQBRvlBElXJMisiulGxoL6wMWKDWS707fUFCj/qacKxUx0aB7kZYakY4nSadUNEAkzEe0o6hPvao6kazJ6bwyCh9OBDSlK/hTP0+EWFPqYnnmk4P65H67cXiX14n1INyN2J+EGrqk/miQcihFjBOBPaZpETziSGYSGZuhWSEJSba5JY0IXx9Cv8nzULeRnn75ixTLS3iSIA0OARZYINzUAVXoAYagIA78ACewLN1bz1aL9brvHXJWswcgB+w3j4BuceW2w==</latexit><latexit sha1_base64="EwDyPNm5VsE4CbuZ48uUFePdQdc=">AAACBHicdVDLSgMxFM34rPVVddlNsAiVYslUW9uFUHAjuKnQF3RKyaRpG5qZDElGKEMXbvwVNy4UcetHuPNvzLQVVPTAhcM593LvPW7AmdIIfVhLyyura+uJjeTm1vbObmpvv6lEKAltEMGFbLtYUc582tBMc9oOJMWey2nLHV/GfuuWSsWEX9eTgHY9PPTZgBGsjdRLpa8vTk4dLoYwW885LpZRfXqcc3hfaNVLZVAezQBRvlBElXJMisiulGxoL6wMWKDWS707fUFCj/qacKxUx0aB7kZYakY4nSadUNEAkzEe0o6hPvao6kazJ6bwyCh9OBDSlK/hTP0+EWFPqYnnmk4P65H67cXiX14n1INyN2J+EGrqk/miQcihFjBOBPaZpETziSGYSGZuhWSEJSba5JY0IXx9Cv8nzULeRnn75ixTLS3iSIA0OARZYINzUAVXoAYagIA78ACewLN1bz1aL9brvHXJWswcgB+w3j4BuceW2w==</latexit>

V (T ) = �eK
⇣
KT T̄DTW DT̄W � 3W W

⌘

<latexit sha1_base64="byZczG0A/0mzVdFFt0KoSwFHk2A="></latexit><latexit sha1_base64="byZczG0A/0mzVdFFt0KoSwFHk2A="></latexit><latexit sha1_base64="byZczG0A/0mzVdFFt0KoSwFHk2A="></latexit><latexit sha1_base64="byZczG0A/0mzVdFFt0KoSwFHk2A="></latexit>

h��i ⇠ eK/2 e�aT
<latexit sha1_base64="pwEpNRW/dg7srqwJGG7TUlu6weI=">AAACG3icbVBNSwMxEM36WetX1aOXYBE8aN0tgh4FL4KXCm0V2lpm02kNJtklyQpl6f/w4l/x4kERT4IH/43ZdgW/HoR5vDfDZF4YC26s7394U9Mzs3PzhYXi4tLyymppbb1pokQzbLBIRPoyBIOCK2xYbgVexhpBhgIvwpuTzL+4RW14pOp2GGNHwkDxPmdgndQtVdsC1ECgKzLswVfRE9FwSfEqPduvjtq7GduD+qhbKvsVfwz6lwQ5KZMctW7prd2LWCJRWSbAmFbgx7aTgracCRwV24nBGNgNDLDlqAKJppOObxvRbaf0aD/S7ilLx+r3iRSkMUMZuk4J9tr89jLxP6+V2P5RJ+UqTiwqNlnUTwS1Ec2Coj2ukVkxdASY5u6vlF2DBmZdnEUXQvD75L+kWa0EfiU4PygfH+VxFMgm2SI7JCCH5JickhppEEbuyAN5Is/evffovXivk9YpL5/ZID/gvX8CviWhJA==</latexit><latexit sha1_base64="pwEpNRW/dg7srqwJGG7TUlu6weI=">AAACG3icbVBNSwMxEM36WetX1aOXYBE8aN0tgh4FL4KXCm0V2lpm02kNJtklyQpl6f/w4l/x4kERT4IH/43ZdgW/HoR5vDfDZF4YC26s7394U9Mzs3PzhYXi4tLyymppbb1pokQzbLBIRPoyBIOCK2xYbgVexhpBhgIvwpuTzL+4RW14pOp2GGNHwkDxPmdgndQtVdsC1ECgKzLswVfRE9FwSfEqPduvjtq7GduD+qhbKvsVfwz6lwQ5KZMctW7prd2LWCJRWSbAmFbgx7aTgracCRwV24nBGNgNDLDlqAKJppOObxvRbaf0aD/S7ilLx+r3iRSkMUMZuk4J9tr89jLxP6+V2P5RJ+UqTiwqNlnUTwS1Ec2Coj2ukVkxdASY5u6vlF2DBmZdnEUXQvD75L+kWa0EfiU4PygfH+VxFMgm2SI7JCCH5JickhppEEbuyAN5Is/evffovXivk9YpL5/ZID/gvX8CviWhJA==</latexit><latexit sha1_base64="pwEpNRW/dg7srqwJGG7TUlu6weI=">AAACG3icbVBNSwMxEM36WetX1aOXYBE8aN0tgh4FL4KXCm0V2lpm02kNJtklyQpl6f/w4l/x4kERT4IH/43ZdgW/HoR5vDfDZF4YC26s7394U9Mzs3PzhYXi4tLyymppbb1pokQzbLBIRPoyBIOCK2xYbgVexhpBhgIvwpuTzL+4RW14pOp2GGNHwkDxPmdgndQtVdsC1ECgKzLswVfRE9FwSfEqPduvjtq7GduD+qhbKvsVfwz6lwQ5KZMctW7prd2LWCJRWSbAmFbgx7aTgracCRwV24nBGNgNDLDlqAKJppOObxvRbaf0aD/S7ilLx+r3iRSkMUMZuk4J9tr89jLxP6+V2P5RJ+UqTiwqNlnUTwS1Ec2Coj2ukVkxdASY5u6vlF2DBmZdnEUXQvD75L+kWa0EfiU4PygfH+VxFMgm2SI7JCCH5JickhppEEbuyAN5Is/evffovXivk9YpL5/ZID/gvX8CviWhJA==</latexit><latexit sha1_base64="pwEpNRW/dg7srqwJGG7TUlu6weI=">AAACG3icbVBNSwMxEM36WetX1aOXYBE8aN0tgh4FL4KXCm0V2lpm02kNJtklyQpl6f/w4l/x4kERT4IH/43ZdgW/HoR5vDfDZF4YC26s7394U9Mzs3PzhYXi4tLyymppbb1pokQzbLBIRPoyBIOCK2xYbgVexhpBhgIvwpuTzL+4RW14pOp2GGNHwkDxPmdgndQtVdsC1ECgKzLswVfRE9FwSfEqPduvjtq7GduD+qhbKvsVfwz6lwQ5KZMctW7prd2LWCJRWSbAmFbgx7aTgracCRwV24nBGNgNDLDlqAKJppOObxvRbaf0aD/S7ilLx+r3iRSkMUMZuk4J9tr89jLxP6+V2P5RJ+UqTiwqNlnUTwS1Ec2Coj2ukVkxdASY5u6vlF2DBmZdnEUXQvD75L+kWa0EfiU4PygfH+VxFMgm2SI7JCCH5JickhppEEbuyAN5Is/evffovXivk9YpL5/ZID/gvX8CviWhJA==</latexit>

L = �Re (T )

✓
1

4
Fµ⌫F

µ⌫ + i�̄�̄µ@µ�

◆
� �� eK/2KT T̄ DTW0 + c.c.� 1

16
����KT T̄ + . . .

<latexit sha1_base64="fkuQSWi59LXuTsUwDINxDr51Qrs="></latexit><latexit sha1_base64="fkuQSWi59LXuTsUwDINxDr51Qrs="></latexit><latexit sha1_base64="fkuQSWi59LXuTsUwDINxDr51Qrs="></latexit><latexit sha1_base64="fkuQSWi59LXuTsUwDINxDr51Qrs="></latexit>

W = W0 +Ae�a T
<latexit sha1_base64="3lLVQpdeHEfkxnPSwqvXlfgUI7U=">AAAB+nicdVDLSgMxFM34rPU11aWbYBEEtWSKre1CqLhxWaEvaMchk6ZtaOZBklHK2E9x40IRt36JO//GTDuCih64cDjnXu69xw05kwqhD2NhcWl5ZTWzll3f2NzaNnM7LRlEgtAmCXggOi6WlDOfNhVTnHZCQbHnctp2x5eJ376lQrLAb6hJSG0PD302YAQrLTlmrn3edtDRBaQ38QnuHTemjplHBTQDRIViCVUrCSkhq1q2oJVaeZCi7pjvvX5AIo/6inAsZddCobJjLBQjnE6zvUjSEJMxHtKupj72qLTj2elTeKCVPhwEQpev4Ez9PhFjT8qJ5+pOD6uR/O0l4l9eN1KDih0zP4wU9cl80SDiUAUwyQH2maBE8YkmmAimb4VkhAUmSqeV1SF8fQr/J61iwUIF6/o0XyuncWTAHtgHh8ACZ6AGrkAdNAEBd+ABPIFn4954NF6M13nrgpHO7IIfMN4+ATKTkqI=</latexit><latexit sha1_base64="3lLVQpdeHEfkxnPSwqvXlfgUI7U=">AAAB+nicdVDLSgMxFM34rPU11aWbYBEEtWSKre1CqLhxWaEvaMchk6ZtaOZBklHK2E9x40IRt36JO//GTDuCih64cDjnXu69xw05kwqhD2NhcWl5ZTWzll3f2NzaNnM7LRlEgtAmCXggOi6WlDOfNhVTnHZCQbHnctp2x5eJ376lQrLAb6hJSG0PD302YAQrLTlmrn3edtDRBaQ38QnuHTemjplHBTQDRIViCVUrCSkhq1q2oJVaeZCi7pjvvX5AIo/6inAsZddCobJjLBQjnE6zvUjSEJMxHtKupj72qLTj2elTeKCVPhwEQpev4Ez9PhFjT8qJ5+pOD6uR/O0l4l9eN1KDih0zP4wU9cl80SDiUAUwyQH2maBE8YkmmAimb4VkhAUmSqeV1SF8fQr/J61iwUIF6/o0XyuncWTAHtgHh8ACZ6AGrkAdNAEBd+ABPIFn4954NF6M13nrgpHO7IIfMN4+ATKTkqI=</latexit><latexit sha1_base64="3lLVQpdeHEfkxnPSwqvXlfgUI7U=">AAAB+nicdVDLSgMxFM34rPU11aWbYBEEtWSKre1CqLhxWaEvaMchk6ZtaOZBklHK2E9x40IRt36JO//GTDuCih64cDjnXu69xw05kwqhD2NhcWl5ZTWzll3f2NzaNnM7LRlEgtAmCXggOi6WlDOfNhVTnHZCQbHnctp2x5eJ376lQrLAb6hJSG0PD302YAQrLTlmrn3edtDRBaQ38QnuHTemjplHBTQDRIViCVUrCSkhq1q2oJVaeZCi7pjvvX5AIo/6inAsZddCobJjLBQjnE6zvUjSEJMxHtKupj72qLTj2elTeKCVPhwEQpev4Ez9PhFjT8qJ5+pOD6uR/O0l4l9eN1KDih0zP4wU9cl80SDiUAUwyQH2maBE8YkmmAimb4VkhAUmSqeV1SF8fQr/J61iwUIF6/o0XyuncWTAHtgHh8ACZ6AGrkAdNAEBd+ABPIFn4954NF6M13nrgpHO7IIfMN4+ATKTkqI=</latexit><latexit sha1_base64="3lLVQpdeHEfkxnPSwqvXlfgUI7U=">AAAB+nicdVDLSgMxFM34rPU11aWbYBEEtWSKre1CqLhxWaEvaMchk6ZtaOZBklHK2E9x40IRt36JO//GTDuCih64cDjnXu69xw05kwqhD2NhcWl5ZTWzll3f2NzaNnM7LRlEgtAmCXggOi6WlDOfNhVTnHZCQbHnctp2x5eJ376lQrLAb6hJSG0PD302YAQrLTlmrn3edtDRBaQ38QnuHTemjplHBTQDRIViCVUrCSkhq1q2oJVaeZCi7pjvvX5AIo/6inAsZddCobJjLBQjnE6zvUjSEJMxHtKupj72qLTj2elTeKCVPhwEQpev4Ez9PhFjT8qJ5+pOD6uR/O0l4l9eN1KDih0zP4wU9cl80SDiUAUwyQH2maBE8YkmmAimb4VkhAUmSqeV1SF8fQr/J61iwUIF6/o0XyuncWTAHtgHh8ACZ6AGrkAdNAEBd+ABPIFn4954NF6M13nrgpHO7IIfMN4+ATKTkqI=</latexit>

L(h��i) ⇠ �eK KT T̄

✓
KTW0e

�a T + c.c.� 1

16
e�2a T

◆
⇠ 1

T 2
W0 e

�a T � a

T
e�2a T

<latexit sha1_base64="vMKb16dfYh5aCoKi4rmNtcko7hI="></latexit><latexit sha1_base64="vMKb16dfYh5aCoKi4rmNtcko7hI="></latexit><latexit sha1_base64="vMKb16dfYh5aCoKi4rmNtcko7hI="></latexit><latexit sha1_base64="vMKb16dfYh5aCoKi4rmNtcko7hI="></latexit>

T

V (T )



• Upon inclusion of a mild SUSY-breaking ingredient (e.g. anti D3-branes down 
a warped throat), this may be lifted to a dS vacuum 

‣ Uplift to dS require a fine balance between W0 and the warped anti-D3 tension μ3

• Here I will only discuss how, under the assumptions made, the KKLT vacua 
can be described directly in the 10d theory. 

• Studying whether the underlying assumptions are valid and an uplift to dS is 
possible or not is the subject of the swampland program 
‣ The 10d perspective should help in this task

Motivation
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• Localized gaugino interactions in 10d 
‣ Gauginos on co-dimension one branes (Horava-Witten) 

‣ Gauginos on co-dimension two (D7-) branes 

• KKLT vacua from 10d 
‣ The AdS KKLT vacuum 

‣ Anti-branes and dS uplift

• Conclusions

Outline



Localized gaugino interactions 

Hamada, Hebecker, Shiu, PS ’18 + (to appear)



Gauginos on co-dimension one

• Consider a 5d toy-model on M4xS1 with localized 3-branes and 
one-form flux G1=dφ 

We typically know the action up to quadratic gaugino order 

Solving for G1 one obtains a divergent action (quartic in gauginos) 

• Resolution (required by SUSY): complete to perfect-square form

Horava, Witten ’96; Horava ’96; Mirabelli, Peskin ‘97
Perfectly finite  

G(0)  subject to flux quantization
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• The case of D7-branes is similar, but much more subtle: the 
quadratic action is 

Again, solving for G3 leads to a divergence:  S~|λλ|2δ(0) 

• Completing squares looks good but there is a problem: 

Solving for  

The action is still divergent. We need another way to regularize 
the quartic action

Bianchi identity

Gauginos on co-dimension two
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• Our original proposal: project the source onto the subspace of closed 
forms (drop its co-exact component), with projector P

• G3 equations and solution unmodified 

• Upon integrating out G3: 

Reproduces parametrically 4d SUGRA gaugino terms (including 
GVW superpotential).  

• BUT!! The projector P is a non-local operator: 

Same problem afflicts a subsequent proposal by Kachru, Kim, 
McAllister, Zimet ’19 based on T-duality (D7 branes are “smeared”)

Hamada, Hebecker, Shiu, PS ’18

Gauginos on co-dimension two
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• Take the quadratic action including the Chern-Simons contribution 
and an arbitrary number of D7-brane stacks

• Only the last term diverges (for i=j), but it also contains crucial 
finite contributions from (self) intersections of D7-stacks 

• Given a basis {ωα} of H+(1,1), we expand 

•          are CY intersection numbers:

Hamada, Hebecker, Shiu, PS, to appear

A finite, local gaugino action
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• With this insight, we can write the local finite action:

• Upon solving for G, and dimensionally reducing, this can be 
matched in detail with the 4d gaugino SUGRA action 

• This is quite non-trivial: intersection terms play an important 
role

Hamada, Hebecker, Shiu, PS, to appear

A finite, local gaugino action
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KKLT vacua from 10d 

Hamada, Hebecker, Shiu, PS ’19



• Gaugino condensation (an IR effect) is treated by giving a vev to 
gaugino bilinears <λλ>~e-aT in the 10d action 

‣ This approach is difficult to motivate microscopically but has been 
successfully used in several setups. 

‣ These long-distance  effects induce an effective non-locality in the 10d 
action (different from ‘smearing’ previously discussed).

• Notice: backreaction of the metric to gaugino condensates 
requires going from CY into Generalized Complex Geometry 
(GCG)  

‣ We have not taken this backreaction into account (yet), but still reproduce 
the relevant features of KKLT vacua. 

Koerber, Martucci ’07, ’08;  Baumann et al. ’10; 
Heidenreich et al. ’10; Dymarsky, Martucci ’10;…

Hamada et al. ’19;  Gautason et al. ‘19

Work in progress: relate to the GCG analysis of Kachru et 
al. ’19; Bena et al. ’19; Graña  et al. ‘20 

KKLT from 10d perspective



KKLT from 10d perspective

• Consider Einstein equation in 10d and its trace over 4d indices: 

• For a warped ansatz: 

Useful for no-go theorems: positivity arguments on Δ constrain 
compactifications with R(η) ≥ 0. 

• Starting point: GKP flux compactification  Δ = R(η)=0
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• 10d KKLT AdS (single Kahler modulus T):

Where 

• Using our proposed 10d action and <λλ>~e-aT we obtain 

On-shell, same as KKLT AdS result (up to small corrections):

KKLT from 10d revisited
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• 10d KKLT dS (single Kahler modulus T):

Where 

• Down a highly warped throat, 0<Ω8(y0)ΔD3 <<1 

ΔD3 contribution is negligible. Uplift???  

Small shift in minimum                induced by D3 backreacts on 
Δ<λλ>  and generates KKLT uplift.

KKLT from 10d revisited
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Conclusions

• The 10d perspective is crucial in understanding swampland 
constraints and no-go theorems in string compactifications 

• We proposed a local  λ4-action on D7-branes 
Avoid previous divergences and reproduce 4d SUGRA results 

• Checked on-shell equivalence of 4d and 10d approaches to KKLT  

• We have not analysed the validity of assumptions underlying 
KKLT. Much recent work within the swampland program

c.f. Kallosh ’19; Kachru et al. ’19; Graña et al. ‘20

c.f. Giddings, Maharana ’05;… 

4d Einstein + Kahler moduli e.o.m.       ⟺       10d Einstein eq.

Hamada, Hebecker, Shiu, PS ’18, ’19, ‘20 (to appear)
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