
Alessandro Tomasiello

Supersymmetric Field Theories
 on Curved Spaces

SUSY 2013
Trieste



Introduction
One can learn a lot about a theory by studying it on curved spaces

Curvature can act as a regulator and helps localize the path integral



Introduction
One can learn a lot about a theory by studying it on curved spaces

Curvature can act as a regulator and helps localize the path integral

Many recent examples: URXQG S3

VTXDVKHG S3

• N = 2 RQ S4

• N = 2 RQ

[Pestun ’07]

[Kapustin,Willett,Yaakov ’09]
[Jafferis’10]

[Hama, Hosomichi, Lee ’10]
[Imamura,Yokoyama ’11]

…



Introduction
One can learn a lot about a theory by studying it on curved spaces

Curvature can act as a regulator and helps localize the path integral

Many recent examples: URXQG S3

VTXDVKHG S3

• N = 2 RQ S4

• N = 2 RQ

[Pestun ’07]

[Kapustin,Willett,Yaakov ’09]
[Jafferis’10]

[Hama, Hosomichi, Lee ’10]
[Imamura,Yokoyama ’11]

…

In all these cases, curved geometry would break susy; 
one has to deform the action by suitable terms.
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• Natural equation in conformal geometry:
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• We will now classify conformal Killing spinors.
!
! A

µ " 1
d ! µ D A

"
" = 0

•What about non-conformal theories?

Our results will apply almost verbatim 
to any susy theory with R-symmetry

The reason is basically that ordinary supergravity
can be obtained by gauge-fixing conformal supergravity.
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•Kähler manifolds
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∇A
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A
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"+ = 0

This kind of ‘trivial solution’ to the CKS equation
is what we usually call a twist.
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[Cassani, Klare, Martelli, AT, Zaffaroni ’12]

z �L�V���D�Q�X�O�O���&�.�9

conformal Killing vector



6LPLODU�UHVXOWV�KROG�LQ �G N = 2

complex

null CKV null or 
timelike CKV

o FRPSOH[��ĥIRUP
V�W� do = w ! o

�G N = 1 ���GN = 2

Euclidean*

Lorentzian

[Hristov, AT, Zaffaroni ’13]

[Klare, AT, Zaffaroni ’12]
[Dumitrescu, Festuccia, Seiberg ’12]

[Cassani, Klare, Martelli, AT, Zaffaroni ’12]

[Klare, AT, Zaffaroni ’12]

[* see also Komargodski’s talk] [Closset, Dumitrescu, Festuccia, Komargodski,  ’12]
[Closset, Dumitrescu, Festuccia, Komargodski, Shamir,  to appear]
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These two cases reproduce the two empirically known 
asymptotic behaviors of AdS4 BPS black holes!

ĬF = JUDYLSKRWRQ�¿HOGĥVWUHQJWKĭ

�,�L�Q�W�H�U�S�R�O�D�W�L�Q�J���I�D�P�L�O�\�� �U�R�W�D�W�L�Q�J���%�+�V�-

F = 0
1/2 BPS; naked sing.!

[Cacciatori, Klemm ’09]

1/4 BPS, finite horizon
F = ! 1

2YROS2
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$G64 �$�G�62 � S2

[infinity] [near-horizon]

the field theory dual should be

�W�Z�L�V�W�H�G�6�&�)�73
�R�QR ! S2

[UV]

�6�&�)�71 �R�QR

[IR]

this would give a way to count the entropy
using the AdS2/CFT1 correspondence.

[Hristov, AT, Zaffaroni ’13]
[Hristov, Rosa, AT, 

Zaffaroni, in progress!]



Conclusions

•  A supersymmetric theory (with R-symmetry, low enough susy) is 
still supersymmetric on curved spaces if a CKS (or ‘twistor’) exists

• Existence of CKSs is equivalent to elegant geometrical properties

• These classification results restrict the possible asymptotic 
behaviors of AdS BPS black holes 
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•Actually, for higher susy a second (tougher) equation appears.

In this talk, we will keep susy low 
enough so that this complication 

does not appear:

d = 4 � N = 1

d = 3 ��N = 2

eg. for
d = 4��N = 2

d = 6��N = 1
�D�O�V�R���D!" �D�S�S�H�D�U�V��

[Klare, Zaffaroni ’13]

e.g. [Samtleben,Sezgin,Tsimpis’13]



! ! �V�H�F�W�L�R�Q���R�IK " U2 ! it can exist
globally

! + �L�V���W�Z�L�V�W�H�G���E�\A ! �V�H�F�W�L�R�Q���R�I! + " U
line bundle


