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dS vacua in string theory

• The uplifting term seems to explicitly break 
supersymmetry

𝑉 = 𝑒𝐾 𝐾𝐼  𝐽𝐷𝐼𝑊𝐷𝐽𝑊 − 3 𝑊 2 +
𝜇4

𝑇 +  𝑇 2

𝐾 = −3 log 𝑇 +  𝑇
𝑊 = 𝑊0 − 𝐴 𝑒−𝑎𝑇
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• The anti-D3-brane can decay to a SUSY vacuum, 

hence it is an excited state in a SUSY theory
Kachru, Pearson, Verlinde hep-th/0112197

• How can we describe the uplift term in terms of 𝑊
and 𝐾 or as an D-term?
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Not necessarily!

• If we break supersymmetry we expect a massless 
goldstone fermion 𝜒, the goldstino

• Is the neutrino a goldstone particle? No, but interesting!
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• The action is fixed by the kinetic term and the non-
linear transformation:

𝒪 𝜒1 𝛿𝜖 𝒪 𝜒2 𝛿𝜖 𝒪 𝜒3 𝛿𝜖 𝒪 𝜒4 𝛿𝜖 …
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to zero
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The nilpotent chiral superfield

𝑆 =
𝜒𝜒
2𝐹

+ 2𝜃𝜒 + 𝜃2𝐹

• These nilpotent chiral superfields consists only of 
fermions!

• Supersymmetry is non-linearly realized and 
spontaneously broken (𝐹 ≠ 0)

• There are a variety of different actions but all are 
related to 𝑆𝑉𝐴 via non-linear field redefinitions

Kuzenko, Tyler  1009.3298, 1102.3043
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• The bosonic supergravity action for a single nilpotent field 

𝑠2 = 0 is very simple             Antoniadis, Dudas, Ferrara, Sagnotti 1403.3269

𝐾 = 𝑠  𝑠
𝑊 = 𝑐0 + 𝑐1𝑠

• The bosonic action is obtained as usual with the additional 
simplification that 𝑠 =  𝑠 = 0

𝑉 = 𝑒𝐾 𝐾𝑠  𝑠𝐷𝑠𝑊𝐷𝑠𝑊 − 3 𝑊 2 = 𝑐1
2 − 3 𝑐0

2

• Trivial to get 𝑉 > 0,  SUSY broken since 𝐷𝑠𝑊 = 𝜕𝑠𝑊 = 𝑐1

• 𝜒 is the Goldstino and gets eaten by the gravitino



Inflation in supergravity
• Very interesting possibilities for cosmological model building, 

i.e. inflation and dS vacua
Antoniadis, Dudas, Ferrara, Sagnotti 1403.3269

Ferrara, Kallosh, Linde   1408.4096
Kallosh, Linde   1408.5950

Dall’Agata, Zwirner 1411.2605
Kallosh, Linde, Scalisi   1411.5671 

Carrasco, Kallosh, Linde Roest 1504.05557
Scalisi  1506.01368

Carrasco, Kallosh, Linde Roest 1506.01708
Hasegawa, Yamada  1509.04987

Ferrara, Kallosh, Thaler 1512.00545
Carrasco, Kallosh, Linde  1512.00546

Dudas, Heurtier, Wieck, Winkler  1601.03397
Kallosh, Linde, TW  1602.07818

Farakos, Kehagias, Racco, Riotto  1605.07631
Scalisi  1607.01030

McDonough, Scalisi  1609.00364
Dalianis, Farakos 1705.06717

Argurio, Coone, Heurtierd, Mariott 1705.06788
Kallosh, Linde, Roest, Yamada  1705.09247
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𝑆2 = 0, 𝑆 𝑌 = 0, 𝑆 𝑊𝛼 = 0, 𝑆 Φ −  Φ = 0, …

chiral multiplet Φ → real scalar 𝜙
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dS vacua in string theory
Kachru, Kallosh, Linde, Trivedi  hep-th/0301240

Balasubramanian, Berglund, Conlon, Quevedo hep-th/0502058
Conlon, Quevedo, Suruliz hep-th/0505076

dS vacua construction are often a two step procedure:
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anti-D3-

brane “uplift”

AdS vacuum dS vacuum



The nilpotent chiral superfield
• A very interesting observation
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The nilpotent chiral superfield
• Similarly for warping

Ferrara, Kallosh, Linde   1408.4096

𝐾 = −3 ln 𝑇 +  𝑇 − 𝑠  𝑠
𝑊 = 𝑊0 + 𝐴𝑒−𝑎𝑇 + 𝜇2𝑠

• The bosonic part of the scalar potential for 𝑠2 = 0 is

𝑉 = 𝑉𝐾𝐾𝐿𝑇 +
𝜇4

3 𝑇 +  𝑇 2

• The second term is exactly what is expected for an anti-D3-
brane uplift!

• Seems to hint at a connection to D-branes



The nilpotent chiral superfield

• This nilpotent superfield also arises in string theory 
for example from anti-D3-branes in KKLT and LVS

Choi, Falkowski, Nilles, Olechowski hep-th/0503216
McGuirk, Shiu, Ye    1206.0754

Ferrara, Kallosh, Linde 1408.4096
Kallosh, TW    1411.1121

Bergshoeff, Dasgupta, Kallosh, Van Proeyen, TW  1502.07627
Kallosh, Quevedo, Uranga 1507.07556

Bandos, Martucci, Sorokin, Tonin 1511.03024
Aparicio, Quevedo, Valandro 1511.08105

García-Etxebarria, Quevedo, Valandro 1512.06926
Dasgupta, Emelin, McDonough  1601.03409

Retolaza, Uranga 1605.01732
Vercnocke, TW   1605.03961

Kallosh, Vercnocke, TW   1606.09245
Bandos, Heller, Kuzenko, Martucci, Sorokin  1608.05908

Aalsma, van der Schaar, Vercnocke  1703.05771
Garcia del Moral, Parameswaran, Quiroz, Zavala  1707.07059



D-branes 102
Let us recall some facts about D-branes in flat space:

• The D-brane breaks half of the supersymmetry 
spontaneously and the other half is linearly realized

• Example: a D3-brane

• It preserve 16 linearly realized                                   
supercharges, i.e. 𝑁 = 4 in 4d

• The worldvolume fields                                     
𝐴𝜇, 𝜆0, 𝜙𝑖, 𝜆𝑖, 𝑖 = 1, 2, 3 can be                                   
package into an 𝑁 = 4 multiplet



D-branes 102
Let us recall some facts about D-branes in flat space:

• The D-brane breaks half of the supersymmetry 
spontaneously and the other half is linearly realized

• Example: a D3-brane

• 16 supercharges are spontaneously
broken at the string scale 𝒪(𝛼′)

• The Goldstone fermions aka                                    
Goldstinos are 𝜆0 and 𝜆𝑖, 𝑖 = 1, 2, 3



D-branes 102
Let us recall some facts about D-branes in flat space:

• The D-brane breaks half of the supersymmetry 
spontaneously and the other half is linearly realized

• The 16 spontaneously broken                  
supersymmetries are non-linearly                                       
realized

• The D-brane action is invariant under                                  
16 linear and 16 non-linear SUSY trafos

• We can extend this to more interesting                             
backgrounds
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D-branes
Recall some facts about D3-branes in CY3 flux compactifications:

• The CY3 background preserves 8 supersymmetries

• The O3/O7 projection/fluxes break this down to 4d 𝑁 = 1

D3-brane
anti-D3-brane

The D3 preserves 
this linear SUSY.

The worldvolume
fields form 𝑁 = 1

multiplets:

𝐴𝜇, 𝜆0

(𝜙𝑖, 𝜆𝑖)

The anti-D3 breaks 
this linear SUSY 
spontaneously.

What happens to 
the worldvolume

fields 𝐴𝜇, 𝜆0, 𝜙𝑖, 𝜆𝑖?
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* These identifications are probably not unique.
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The action for the fermions

• The fermionic action, i.e. for 𝑆2 = 0, 𝑆𝑌𝑖 = 0 in a GKP 
type background has been worked out

Garcia del Moral, Parameswaran, Quiroz, Zavala  1707.07059

𝐾 = − log 𝜏 +  𝜏 − 3 log 𝑈 +  𝑈

−3 log 𝑇 +  𝑇 1 − 𝑆  𝑆
3 𝜏+ 𝜏 𝑈+ 𝑈 3 − 𝛿𝑖  𝑖𝑌𝑖  𝑌  𝑖

3 𝑈+ 𝑈 3

𝑊 = ∫ 𝐺3 ∧ Ω + 2𝑇3 𝑆 + ℎ𝑖𝑗 𝜏 𝑌𝑖𝑌𝑗

• ℎ𝑖𝑗 𝜏 ∝ 𝐺2,1
𝐼𝑆𝐷 gives a mass to the 𝜆𝑖 contained in 𝑌𝑖
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• A nilpotent chiral multiplet has started to play an 

interesting role in cosmological model building

• The nilpotent chiral superfield arises on (anti-) D-branes 
in string theory

• There are actually many more constrained multiplets that 
arise from D-branes that spontaneously break SUSY:

𝑆2 = 𝑆 𝑌𝑖 = 𝑆 𝑊𝛼 = 𝑆  𝐷  𝛼  𝐻  𝑖 = 𝑆 Φ −  Φ = 0

THANK YOU!


