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In all these cases, curved geometry would break susy; 
one has to deform the action by suitable terms.
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•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.



II. Classification
6WLOO �G�(XFOLGHDQ N = 1



II. Classification

�
�µ � 1

4�µD
�
� = 0 � �� � � + D� LV�
.LOOLQJ�VSLQRU
�

�µ�� = �µ��M4 = S4 �

• )RU A = 0� FODVVL¿FDWLRQ�H[LVWV� [Lichnerowicz ’88]

6WLOO �G�(XFOLGHDQ N = 1



II. Classification

• )RU A �= 0� ZH�DUH�RQ�RXU�RZQ�

/HW
V�DVVXPH � LV FKLUDO ĪQR�ORVV�RI�JHQHUDOLW\ī

DQG�WKDW�LW�KDV�QR�]HURV�ĪXQOLNH IRU S4ī�

�
�µ � 1

4�µD
�
� = 0 � �� � � + D� LV�
.LOOLQJ�VSLQRU
�

�µ�� = �µ��M4 = S4 �

• )RU A = 0� FODVVL¿FDWLRQ�H[LVWV� [Lichnerowicz ’88]

6WLOO �G�(XFOLGHDQ N = 1



�+ GH¿QHV�DQ 68(2) VWUXFWXUH�



�+ GH¿QHV�DQ 68(2) VWUXFWXUH�
j � � = 0

� � �̄ = 2j2

symplectic form
[Kähler if closed]

�†
+�µ��+ = jµ�

‘holomorphic volume form’

�+�µ��+ = �µ�



�+ GH¿QHV�DQ 68(2) VWUXFWXUH�

ω �������	�
��	 ���

���
������
�������� ��������� ω = E1
∧ E2	

(1, 0)������

j � � = 0

� � �̄ = 2j2

symplectic form
[Kähler if closed]

�†
+�µ��+ = jµ�

‘holomorphic volume form’

�+�µ��+ = �µ�



�+ GH¿QHV�DQ 68(2) VWUXFWXUH�

ω �������	�
��	 ���

���
������
�������� ��������� ω = E1
∧ E2	

(1, 0)������

(

∇A
µ −

1
4
γµD

A
)

ε+ = 0

j � � = 0

� � �̄ = 2j2

symplectic form
[Kähler if closed]

�†
+�µ��+ = jµ�

‘holomorphic volume form’

�+�µ��+ = �µ�

A = . . .{d� = w � �

IRU�VRPH w



�+ GH¿QHV�DQ 68(2) VWUXFWXUH�

ω �������	�
��	 ���

���
������
�������� ��������� ω = E1
∧ E2	

(1, 0)������

(

∇A
µ −

1
4
γµD

A
)

ε+ = 0

j � � = 0

� � �̄ = 2j2

symplectic form
[Kähler if closed]

�†
+�µ��+ = jµ�

‘holomorphic volume form’

�+�µ��+ = �µ�

A = . . .{d� = w � �

IRU�VRPH w

a.c.s. is
integrable
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•Kähler manifolds
,Q�WKLV�FDVH KRORQRP\ LV�UHGXFHG�WR 8(2) = 8(1) � 68(2)

6R � A VXFK�WKDW

�A
µ �+ = 0

which of course
is also a CKS

(

∇A
µ −

1
4
γµD

A
)

ε+ = 0

This kind of ‘trivial solution’ to the CKS equation
is what we usually call a twist.
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z LV�D QXOO�&.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 �G N = 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

ĬLQWHUSRODWLQJ�IDPLO\� URWDWLQJ�%+Vĭ

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

[Cacciatori, Klemm ’09]

1/4 BPS, finite horizon
F = � 1

2YROS2
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In fact, the 1/4 BPS solutions look like 

$G64 $G62 � S2

[infinity] [near-horizon]

the field theory dual should be

WZLVWHG 6&)73

RQ R � S2

[UV]

6&)71 RQ R

[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
DOVR�D �� DSSHDUV�

[Klare, Zaffaroni ’13]

e.g. [Samtleben,Sezgin,Tsimpis’13]



� � VHFWLRQ�RI K � U2 � it can exist
globally

�+ LV�WZLVWHG�E\ A � VHFWLRQ�RI �+ � U
line bundle


