
Soft-terms in Sequestered dS

Models

Michele Cicoli
Bologna Univ., INFN and ICTP

Madrid, 9 June 2015

Based on:

Aparicio, MC, Krippendorf, Maharana, Muia, Quevedo, JHEP 1411 (2014) 071



LVS SUSY breaking
• W0 ~ O(1) natural                SUSY breaking 

• for                                   trust approximations

• Generate hierarchies naturally:

• Moduli masses of O(m3/2) except for volume mode:

• Spontaneous SUSY breaking 

• Soft-terms depend on location and type of MSSM D-brane model

i) D7-branes in geometric regime 

Unsequestered models:                           (up to loop factors)

ii) D3-branes at singularities

Sequestered models:                                (more than loop-suppressed)

• dS vacua without anti-branes

i) non-zero F-terms of hidden matter fields induced by D-terms

ii) non-perturbative effects at singularities
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Visible sector
• D7s in geometric regime:

i) D-terms fix  tvs1 ~ tvs2 ~ tvs

ii) NP + a’ effects fix tb and ts at

iii)  gs effects fix tvs

• D3s at singularities:

i) tvs1 tvs2 orientifold projection

get U(N) groups

ii)  D-terms fix tvs1 ~ tvs2            0

iii) NP + a’ effects fix tb and ts at

NB1 Non-perturbative effects for rigid cycles!

NB2 tvs fixed by D-terms or gs effects 

compatible with chirality!
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Unsequestered models
• D7s in geometric regime                  F-term of tvs is non-zero: Fvs ~ m3/2 MP  0

• Soft-terms and volume mode:          

• Set either Msoft ~ O(1) TeV (hierarchy problem)  or mV > O(50) TeV (cosm mod problem)

Energy scales for V ~1014:                                         Energy scales for V ~104: 
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Sequestered models
• D3s at singularties                            F-term of tvs is zero: Fvs  xFI  tvs → 0 

• Soft-terms (depending on matter Kahler metric and dS mechanism):          

• Set V ~107 to get M1/2 ~ O(1) TeV :            
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1) TeV scale SUSY

2) Standard GUTs

3) Right inflationary scale

4) No CMP for tb

5) QCD axion from open string modes

6) Reheating driven by the decay of tb

7) Trh ~ 1 GeV

8) Non-thermal dark matter 

9) Axionic dark radiation

Aparicio’s talk

Muia’s talk

MSSM Split SUSY



EFT for sequestered models
• Kahler moduli (trading tvs1 and tvs2 for tSM and b)

• Superpotential (moduli denoted as M and MSSM superfields as C)

• Kahler potential

• Gauge kinetic functions                                                                     



D-term stabilisation
• Each del Pezzo singularity has 2 anomalous U(1)s

• TSM and G get charged under these U(1)s

• D-term potential

• FI-terms

• D = 0 fixes tSM and b in terms of visible matter fields

• Subleading F-terms from SUSY breaking fix C = 0 if scalars are non-tachyonic

• Axions ySM and c eaten up by anomalous U(1)s                                                              



F-term stabilisation
• Leading order: V-2

• Subleading order: V-3

• AdS minimum which breaks SUSY

Subleading correction fdS depends on dS mechanism



U and S shift
• Potential at O(V-3) depends on U and S

shift of U and S minimum

• Parametrisation of the S-shift in terms of wS defined as

• Parametrisation of the U-shift in terms of wU defined as

Also S and U-moduli break SUSY!



dS case 1: hidden F-terms
• FW anomaly cancellation                non-zero flux on Tb Tb gets a U(1)-charge

• D-term potential

• Total scalar potential

• Minimum for fdS at

• Substitute in Vtot

• Minimising with respect to ts and V

• Tune W0 so that <Vtot> = 0

negligible

Solutions for W0 ~ O(1) and V ~ 106 – 107  as needed to get TeV scale SUSY! 



dS case 2: non-perturbative effects

• New W from non-perturbative effects at singularities

• New Kahler modulus TdS with 

• Hidden D-term potential

• Total scalar potential

• Minimum for tdS at

•

• Substitute in Vtot

• Tune fluxes so that <Vtot>=0 

VD,0 ~ O(V -4)  negligible
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F-terms

• General expression of F-terms

• Relevant F-terms

• dS case 1

• dS case 2



Local and ultra-local scenarios

• Physical Yukawa couplings

• Locality constraint

• Same volume scaling as matter Kahler metric

• Soft-term computation depends on subleading corrections

• 2 limits:

i) Local limit: locality constraint holds only at leading order

ii) Ultra-local limit: locality constraint holds exactly

3/1    and   3/1  dSs cc



Gaugino masses

• General expression for gaugino masses

• universal gaugino masses generated by FS

• Loop-suppressed anomaly mediation contributions because of no-scale cancellation 
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Scalar masses
• F-term contributions

• Local limit: universal scalar masses generated by FTb

• Ultra-local limit: vanishing contribution from FTb for cs=1/3 m0 generated by FU and FS

• D-term contributions

• dS case 1

• dS case 2

subdominant effect

in local limit since
VD,0 ~ O(V -4)

dominant effect

in ultra-local limit

vanishing in ultra-local limit



A-terms

• Vanishing D-term contributions for C = 0

• F-term contribution

• Local limit

• Ultra-local limit



m and Bm from K
• Contributions from K

• Local limit

• Ultra-local limit

dS case 1:  

dS case 2:



m and Bm from W

• Contributions from W

• Non-perturbative effects (m=0 from reduction of D3-brane action)

• Higgs bilinear forbidden by anomalous U(1)s

• Gauge invariant operators from T-moduli or open string scalars f

model-dependent

model-dependent



Summary of soft terms

c’s are flux-dependent coefficients 

n>0 is a model-dependent parameter

Split SUSY

RG running down to LHC scale, SUSY phenomenology, 

cosmological implications from dark matter and dark radiation 
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