
Einstein Static Universe 
in String Theory

Alessandro Tomasiello
Università di Milano-Bicocca

IBS, Daejeon, 14 Nov. 2o24

work in progress with J. Heckman and N. Macpherson



Introduction
GH 6LWWHU ⇥ H[WUD GLPHQVLRQV DUH KDUG WR ¿QG



Introduction
GH 6LWWHU ⇥ H[WUD GLPHQVLRQV DUH KDUG WR ¿QG

quite generally: [Gibbons ’84, de Wit, Smit, Hari Dass ‘87]ds2d+4 = e2W ds24 + ds2d



Introduction
GH 6LWWHU ⇥ H[WUD GLPHQVLRQV DUH KDUG WR ¿QG

=

e�4WR4
00 ��e�4W g00

quite generally: [Gibbons ’84, de Wit, Smit, Hari Dass ‘87]ds2d+4 = e2W ds24 + ds2d

e�4WR00 = 8⇡Ge�4W
⇣
T00 � 1

2+dg00TP
P
⌘

<latexit sha1_base64="mUFqFjm49svTNN0Z7ti+DsQeI4g="></latexit>

00 (R0�



Introduction
GH 6LWWHU ⇥ H[WUD GLPHQVLRQV DUH KDUG WR ¿QG

=

e�4WR4
00 ��e�4W g00 ‘strong energy condition’

�
0

• used in GR singularity theorems

• most matter fields satisfy it 
[Hawking, Penrose ’70…]

quite generally: [Gibbons ’84, de Wit, Smit, Hari Dass ‘87]ds2d+4 = e2W ds24 + ds2d

e�4WR00 = 8⇡Ge�4W
⇣
T00 � 1

2+dg00TP
P
⌘

<latexit sha1_base64="mUFqFjm49svTNN0Z7ti+DsQeI4g="></latexit>

00 (R0�



Introduction
GH 6LWWHU ⇥ H[WUD GLPHQVLRQV DUH KDUG WR ¿QG

=

e�4WR4
00 ��e�4W g00

⇤g400

=

total 
derivative

‘strong energy condition’
�

0

• used in GR singularity theorems

• most matter fields satisfy it 
[Hawking, Penrose ’70…]

quite generally: [Gibbons ’84, de Wit, Smit, Hari Dass ‘87]ds2d+4 = e2W ds24 + ds2d

e�4WR00 = 8⇡Ge�4W
⇣
T00 � 1

2+dg00TP
P
⌘

<latexit sha1_base64="mUFqFjm49svTNN0Z7ti+DsQeI4g="></latexit>

00 (R0�

<latexit sha1_base64="XaAGKA0w19xrZ8wYaOtHWp843gU="></latexit>

• ,QWHJUDWH RYHU LQWHUQDO VSDFH� ) ⇤  0



Introduction
GH 6LWWHU ⇥ H[WUD GLPHQVLRQV DUH KDUG WR ¿QG

=

e�4WR4
00 ��e�4W g00

⇤g400

=

total 
derivative

‘strong energy condition’
�

0

• used in GR singularity theorems

• most matter fields satisfy it 
[Hawking, Penrose ’70…]

quite generally: [Gibbons ’84, de Wit, Smit, Hari Dass ‘87]ds2d+4 = e2W ds24 + ds2d

e�4WR00 = 8⇡Ge�4W
⇣
T00 � 1

2+dg00TP
P
⌘

<latexit sha1_base64="mUFqFjm49svTNN0Z7ti+DsQeI4g="></latexit>

00 (R0�

<latexit sha1_base64="XaAGKA0w19xrZ8wYaOtHWp843gU="></latexit>

• ,QWHJUDWH RYHU LQWHUQDO VSDFH� ) ⇤  0

• In string theory, various 
possible loopholes: [Maldacena, Nuñez ‘00]• Romans mass: but it doesn’t help

• Stringy corrections to EH action
• O-planes

• U-duality transition functions?
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<latexit sha1_base64="9GqtjfkunkO44r5wuCyXphAR78U="></latexit>

• 7DNLQJ Gs24 = )/5:) a00  0

<latexit sha1_base64="n7myr81gTsBEPPE4LHtUZp2FQ6U="></latexit>

�Gt2 + a2(t)Gs2063
maximally 
symmetric



Expand our focus: FLRW
<latexit sha1_base64="9GqtjfkunkO44r5wuCyXphAR78U="></latexit>

• 7DNLQJ Gs24 = )/5:) a00  0

<latexit sha1_base64="n7myr81gTsBEPPE4LHtUZp2FQ6U="></latexit>

�Gt2 + a2(t)Gs2063
maximally 
symmetric

• But: acceleration becomes possible if internal metric depends on time
[Russo, Townsend ’18; Marconnet, Tsimpis ’22; Andriot, Tsimpis, Wrase ’24…]

• Even laxer: different warping factors for time and space…



Expand our focus: FLRW
<latexit sha1_base64="9GqtjfkunkO44r5wuCyXphAR78U="></latexit>

• 7DNLQJ Gs24 = )/5:) a00  0

<latexit sha1_base64="n7myr81gTsBEPPE4LHtUZp2FQ6U="></latexit>

�Gt2 + a2(t)Gs2063
maximally 
symmetric

• But: acceleration becomes possible if internal metric depends on time
[Russo, Townsend ’18; Marconnet, Tsimpis ’22; Andriot, Tsimpis, Wrase ’24…]

• Even laxer: different warping factors for time and space…

• Recent idea: start from Einstein Static Universe (ESU)
[Heckman, Lawrie, Lin, (Sakstein,) Zoccarato ’18,’19]

• It can be supersymmetric

• Its perturbations can lead to accelerated expansion

• Realized from NS5 backreaction?



This talk: a classification of supersymmetric ESU

Plan: • Why ESU?

• How to impose supersymmetry

• (Preliminary) results
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• No known argument against ESU with extra dimensions…

• Unstable: if we do realize it, a perturbation might 
lead to a more realistic cosmology

[Heckman, Lawrie, Lin, (Sakstein,) Zoccarato ’18,’19]



• How to realize it in string theory? 

near-horizon limit of an NS5: 
linear-dilaton background
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• Pairing equations are unsatisfactory…

[Legramandi, Martucci, AT ’19]

<latexit sha1_base64="2M2KgAY7dF28qlYqlw0YB2vK5Po="></latexit>

G ⇤ K̃ = �4H�( , (10� GHJ)F )

<latexit sha1_base64="q5u3HHONPGyQlsUqGNfihqeV3nQ="></latexit>

H2�G(H�2�⌦̃) = ⇤(K̃ ^H)⌥ 16H�(◆M , ◆MF )6

<latexit sha1_base64="sQjldnQAZeL7fP1EuyJ6jFYrRAU="></latexit>

• ,I K WLPHOLNH� WKH\ FDQ EH UHSODFHG E\

with a calibration interpretation [sort of]

<latexit sha1_base64="rRg/YlbrN1FnY7Q8VH1D9/u79V8="></latexit>

 = ⌥2HAv ^ 5H�⌥ + 2H2A5H(! ^ �±)± 2H3A ⇤ v ^ ,P�⌥

<latexit sha1_base64="r8ap6mvVJzZzkb4M/ujREXDJ6OQ="></latexit>

• )RU 0LQN4 ⇥M6 WKH\ DUH UHGXQGDQW

<latexit sha1_base64="Eg/kPC7xixheb6ZVpKHIyWOka98="></latexit>

SXUH VSLQRU HTV� IRU �±exterior equation
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• )RU 0LQN4 ⇥M6 WKH\ DUH UHGXQGDQW

<latexit sha1_base64="Eg/kPC7xixheb6ZVpKHIyWOka98="></latexit>

SXUH VSLQRU HTV� IRU �±exterior equation

• … but hey, better than nothing

• collapse to single equation for AdS3 [Dibitetto, Lo Monaco, Passias, Petri, AT ’18;
Macpherson, AT ’22; Legramandi, Macpherson, Passias ’23…]

• AdS2

• useful for AdS in several dimensions [Apruzzi, Fazzi, Rosa, AT ’13; 
Apruzzi, Fazzi, Passias, Rosa, AT ’14…]

[Legramandi, Macpherson, Passias ’23]

• in our case, they provide several constraints on RR flux.



Results
• Minimal amount of susy

<latexit sha1_base64="4GZahVE1WnhHutoqloGGLshQI28="></latexit>

✏1 = �1 ⌦ ✓+ ⌦ ⇠ + FRQM�,
✏2 = �2 ⌦ ✓⌥ ⌦ ⇠ + FRQM�,

7d aux.
<latexit sha1_base64="+sWWVjnR8qTnEtzVNb1L4iirLPk="></latexit>

ri⇠ = � i
2�i⇠

<latexit sha1_base64="niwgTD9AOtoT7hOymqeLrU6Sb/Y="></latexit>

.LOOLQJ VSLQRU RQ S3�
<latexit sha1_base64="YZaXxrBRcQgpAcLdQfhNCOswGB4="></latexit>

LK✏a = 0

<latexit sha1_base64="CARJlp9wdHG1gyytlzWk1rvVfPs="></latexit>

FRQVWUDLQWV RQ �a
<latexit sha1_base64="TvKTjQ1QLNNjD2MgBwkT++E8bsY="></latexit>

ĬK ⌘ 1
2 (V

1 + V 2)� V a QXOOĭ



Results
• Minimal amount of susy
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ĬK ⌘ 1
2 (V

1 + V 2)� V a QXOOĭ

• Two classes:
<latexit sha1_base64="ZFVHN+6ojlGcIKcDGXvO+xV2sXg="></latexit>

• K WLPHOLNH� ) V 1� V 2 LGHQWLI\ WZR GLUHFWLRQV t� z LQ �G
<latexit sha1_base64="QzR5EH17MohVM8hhrwL9TjOZfP4="></latexit>

LQWHUQDO M6 ⇠ {z, 5G}

<latexit sha1_base64="Km9E7j9RU5HGXFFyLg+L4U3IKog="></latexit>

�1 = �+ ⌦ ⌘1

�2 = �� ⌦ ⌘2

further split:

<latexit sha1_base64="qcX163f+vwIHKJr0evvWk214eEU="></latexit>

t, z



Results
• Minimal amount of susy

<latexit sha1_base64="4GZahVE1WnhHutoqloGGLshQI28="></latexit>

✏1 = �1 ⌦ ✓+ ⌦ ⇠ + FRQM�,
✏2 = �2 ⌦ ✓⌥ ⌦ ⇠ + FRQM�,

7d aux.
<latexit sha1_base64="+sWWVjnR8qTnEtzVNb1L4iirLPk="></latexit>

ri⇠ = � i
2�i⇠

<latexit sha1_base64="niwgTD9AOtoT7hOymqeLrU6Sb/Y="></latexit>

.LOOLQJ VSLQRU RQ S3�
<latexit sha1_base64="YZaXxrBRcQgpAcLdQfhNCOswGB4="></latexit>

LK✏a = 0

<latexit sha1_base64="CARJlp9wdHG1gyytlzWk1rvVfPs="></latexit>

FRQVWUDLQWV RQ �a
<latexit sha1_base64="TvKTjQ1QLNNjD2MgBwkT++E8bsY="></latexit>
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2 (V

1 + V 2)� V a QXOOĭ
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t, z

<latexit sha1_base64="hnhL1I+oEwU3hAAhcMzDNXVTHWk="></latexit>

• K QXOO� V 1 / V 2

we still assume two 
such directions exist, but now:

most AdS vacua are here.

<latexit sha1_base64="SaXPfRFhUX7qPK4nw0lvNqMTnR0="></latexit>

�1 = �+ ⌦ ⌘1

�2 = �+ ⌦ ⌘2



metric is locally determined

<latexit sha1_base64="d0ULMQ84jWzOmQ5jtEb81VIXmB0="></latexit>

• K WLPHOLNH� H[W� HTXDWLRQ
complex one-form

<latexit sha1_base64="vRYuK1uH0rI5AsxHOsQd/7Zhgcc="></latexit>

⌘a�µ⌘b JLYH YLHOEHLQ LQ �G

<latexit sha1_base64="XyQjbStn0B50IYrmy2rKriCxSIQ="></latexit>

⌘2 = W · ⌘1



metric is locally determined

With some simplifying Ansatz: a T-dual to the D8–D0–F1 class [Imamura ’01]

<latexit sha1_base64="TbN8PP8OzLnTHh3FWdnz+EBxJgU="></latexit>

�8S + 1
2@

2
zS

2 = 0which we can now greatly generalize.
<latexit sha1_base64="H6zJBqg6YRq02RlkImTqTXI2q1I="></latexit>

KHUH S3 ⇥M5�

<latexit sha1_base64="d0ULMQ84jWzOmQ5jtEb81VIXmB0="></latexit>

• K WLPHOLNH� H[W� HTXDWLRQ
complex one-form

<latexit sha1_base64="vRYuK1uH0rI5AsxHOsQd/7Zhgcc="></latexit>

⌘a�µ⌘b JLYH YLHOEHLQ LQ �G

<latexit sha1_base64="XyQjbStn0B50IYrmy2rKriCxSIQ="></latexit>

⌘2 = W · ⌘1



<latexit sha1_base64="nbQ5dQbo6dY0SbWMCW79UWpBURg="></latexit>

• K QXOO� H[W� HTXDWLRQ three subclasses



<latexit sha1_base64="nbQ5dQbo6dY0SbWMCW79UWpBURg="></latexit>

• K QXOO� H[W� HTXDWLRQ three subclasses

<latexit sha1_base64="MDc7Z2f2aM+fTdfMhs2Qus+U3o4="></latexit>

Ĭ.�ĭ� ⌘2 = ⌘1
<latexit sha1_base64="ILWZGQKZfVuNrNv9dsA1HmIoWlQ="></latexit>

GJa + 2B ^ Ja = 0

contains: [Lozano, Macpherson, Nuñez, Ramirez ’20]
<latexit sha1_base64="LVNuXc0+6eUB4DAQCIYqiSp88OI="></latexit>

• $G63 ⇥ S3⇥ .� ZLWK '�� ..�

• linear dilaton solution with D5s 

<latexit sha1_base64="H3ahw61YtzaRcooMSG7uyNA9+lU="></latexit>

68(2)ĥVWUXFWXUH LQ M5

• more!
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68(2)ĥVWUXFWXUH LQ M5

• more!

<latexit sha1_base64="KdLfWMcxrEuTvvMTWXYnnoDMbyc="></latexit>

Ĭ)ĭ� ⌘2 = HL✓⌘1� ✓ 6= 0
<latexit sha1_base64="H3ahw61YtzaRcooMSG7uyNA9+lU="></latexit>

68(2)ĥVWUXFWXUH LQ M5 conf. Kähler

contains:
<latexit sha1_base64="xysGd3gM7tJMrr0XjKzmQT33ojo="></latexit>

• $G63 ⇥ S3⇥ .lKOHU LQ )ĥWKHRU\ [Couzens, Lawrie, Martelli, Schäfer-Nameki, Wong ’17;
Lozano, Macpherson, Nuñez, Ramirez ’20]

• ~ holomorphic axio-dilaton, similar to F-theory
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• ~ holomorphic axio-dilaton, similar to F-theory

[S] Another class with a locally determined metric [as in timelike case]

<latexit sha1_base64="2o0YQ/hX/mUcVWHPjoEcgTJ5Sq8="></latexit>

• DQ H[WUD S2 HPHUJHV



Conclusions

• ESU gives a possible new starting point for cosmology in string theory

• We launched a systematic investigation of such solutions

• Promising classes with a linear dilaton or holomorphic axio-dilaton 



Backup
• generalized D8–D0–F1 class [Imamura ’01]

<latexit sha1_base64="h6ml39Mxa0O8TkWGFOTs7H20ZQY="></latexit>

Gs2 = �S�1K�1/2Gt2 + SK1/2Gz2 +K1/2Gx2
R8

<latexit sha1_base64="TbN8PP8OzLnTHh3FWdnz+EBxJgU="></latexit>

�8S + 1
2@

2
zS

2 = 0
<latexit sha1_base64="HQ9DAxJ0vudHQX/KUCScxzUKiIQ="></latexit>

F0K = @zS

<latexit sha1_base64="ZrEbeiivMwc9w5OBq2hRxqv5VrE="></latexit>

Gs2 = 1
h

⇣
� 1p

fP
Gt2 +

p
fPGz2

⌘
+
q

P
f d⌧

2+
q

f
P

�
Gs2R3 + P (G⇢2 + ⇢2Gs2(63)

�

• our (further generalization of) its dual

<latexit sha1_base64="YrDKNQkUGVU6MYVNbVb5h1G8fkg="></latexit>

S = S(xi, z)
<latexit sha1_base64="jBOrrRQdWACIOVj8j4ePojH3Lnc="></latexit>

R8

<latexit sha1_base64="DUCf57xHcNHRx536mIJ76moeHP0="></latexit>

P = P (z, ⇢) f = f(z, xi, ⇢) h(z, xi, ⇢)

PDEs look complicated…



<latexit sha1_base64="v14hEbYA7Ex7B8F9mVTnjwPD8dE="></latexit>

Gs2 =
p
⇢p
h

✓
� Gt2 + Gz2 + ds2S3

◆
+

p
h
⇢ Gs

2
.3 +

1

4⇢
3
2
p
h
G⇢2, e� = 1p

h
p
⇢

• linear dilaton with D5s 

<latexit sha1_base64="3s2qzti1+xeuNiViiG5d5KC76XM="></latexit>

F1 = H = F5 = 0, F3 = 2uYROS3 � ?4Gh
<latexit sha1_base64="EtV1Sv6xhT7pIPf6zsIOKFQ5LBE="></latexit>

h KDUPRQLF RQ .3

• general class [F] 

<latexit sha1_base64="19iJMt6wWreJ12wMfsjUQUr1yg0="></latexit>

Gs2 = qH�2C

VLQ2 ↵ (Dt2 +D�2) + H2CGs2S3 + Gs2M4
+ H2C

⇣
q0

2q

⌘2
G⇢2

<latexit sha1_base64="WwFKr9MS93zShR8j7Sa/TSB4VNo="></latexit>

@⇢
� FRV↵
e2A VLQ2 ↵

�
+ q0

2e2A+2C VLQ2 ↵qh0 = 0
<latexit sha1_base64="81qYNvwj27rs2JgGypys7aullus="></latexit>

G4
⇣

a1
e2A VLQ2 ↵a2

⌘
= Gc4

� FRV↵
e2A VLQ2 ↵

�

+Bianchi identity for fluxes


