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@ Hierarchy problem

® Dark matter

@ Anomalous magnetic moment of the muon (?)
@ Gauge coupling unification



Supersymmetry Solves Problems

) problem
°
° of the muon (?)
@ Gauge coupling
... and replaces them by new ones
@ Little hierarchy problem
@ SUSY flavor problem
@ SUSY CP problem
@ ;. problem
@ Gravitino problem
@ SUSY discovery problem
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Supersymmetry Solves Problems

) problem
°
° of the muon (?)
@ Gauge coupling
... and replaces them by new ones
@ Little hierarchy problem
@ SUSY flavor problem
@ SUSY CP problem
@ ;. problem
@ Gravitino problem
@ SUSY discovery problem ~» unexpected mass spectrum?
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Gravitino Problem

@ Gravitino interacts via gravity
~» extremely weakly
~ lifetime ~ 1072 s ... years

@ Energetic decay products
destroy nuclei produced in
Big Bang Nucleosynthesis

@ Distortions of the Cosmic
Microwave Background
(less constraining)
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Gravitino Problem
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@ Gravitino interacts via gravity
~» extremely weakly
~ lifetime ~ 1072 s ... years

@ Energetic decay products
destroy nuclei produced in
Big Bang Nucleosynthesis

@ Distortions of the Cosmic
Microwave Background | | |
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~ Tr <107 GeV or mg;» > 1 TeV
~ Quite low Ty (leptogenesis: Tg > 10° GeV) or unnatural spectrum
~» Motivation for LSP
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Gravitino Production

@ Thermal production at high temperature

T; ms  \? /30 GeV
P h? ~0.12 i g
93/2 0 < 109 GeV 108 GeV m3/2

@ Non-thermal production: decay of inflaton, heavier superparticles
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Gravitino Production

@ Thermal production at high temperature

T; ms  \? /30 GeV
P h? ~0.12 i g
93/2 0 < 109 GeV 108 GeV m3/2

@ Non-thermal production: decay of inflaton, heavier superparticles
@ Observed dark matter abundance: Qpuh?® ~ 0.12

~+ Gravitino LSP feasible candidate for cold DM
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Big Bang Nucleosynthesis with Gravitino LSP

@ NLSP long-lived ~~ still problems with BBN (and CMB)

@ Charged NLSPs form bound states with nuclei
~» BBN reaction rates change ~» Overproduction of SLi

@ Bounds depend on kind of NLSP and on Qpsp
@ Assume Qpsp to be given by thermal relic density
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Big Bang Nucleosynthesis with Gravitino LSP

@ NLSP long-lived ~~ still problems with BBN (and CMB)

@ Charged NLSPs form bound states with nuclei
~» BBN reaction rates change ~» Overproduction of SLi

@ Bounds depend on kind of NLSP and on Qpsp
@ Assume Qpsp to be given by thermal relic density

AONESP ENESP _gNESP » NLSP t NLSP
| | | | | |
|

Gravitino LSP
(m3,2 2 1GeV, stable)
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Gaugino-Mediated Supersymmetry Breaking

@ Scenario for SUSY breaking without and problems

@ Dark matter candidate: neutralino or
@ Long-lived charged slepton NLSP ~~ unusual LHC phenomenology
@ Squarks significantly heavier than sleptons

| |
Neutralino LSP LSP
|
| | |

x®NLSP o NLSP 7/ NLSP
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@ D dimensions
@ D — 4 of them compactified
@ 4-dimensional branes

4D branes

Extra dimension (R ~ 1/Mgur)

Kaplan, Kribs, Schmaltz, PRD 62 (2000)
Chacko, Luty, Nelson, Pontén, JHEP 01 (2000)



Setup

@ D dimensions
@ D — 4 of them compactified
@ 4-dimensional branes

@ MSSM matter localized
6\1\ on one brane

Extra dimension
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Setup

@ D dimensions
@ D — 4 of them compactified
@ 4-dimensional branes

@ MSSM matter localized
6\1\ on one brane

o” @ SUSY broken by field S
¢ y
‘h ’&“ on 2" brane

@ In the bulk: gauge
fields,

@ Soft masses for

Jorn Kersten

gauginos,
@ No soft masses for
squarks and sleptons

N
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Setup

@ D dimensions

@ D — 4 of them compactified
@ 4-dimensional branes

@ MSSM matter localized

W 6\[\ on one brane
5 HuHo | Nt @ SUSY broken by field S
o on 2" brane

@ In the bulk: gauge and
Higgs fields,

@ Soft masses for
gauginos, Higgses,

@ No soft masses for
squarks and sleptons

~

Extra dimension
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Light Higgs mass incl. dominant 1-loop corrections

M2 X? X?
log —=2 1-— - const.
8 + M2 12077

m = m% cos? 23 + m?

2
Mg = my, m,
X1=At—,UJC0tﬂ



The Higgs Likes Trilinears

Light Higgs mass incl. dominant 1-loop corrections

m = m% cos? 23 + m?

2 —_ )~
Mg = my my,

= Ay — pcotf

@ A; = 0 ~ heavy superparticles needed
@ |Ai| 2 2Mg ~~ SUSY in LHC reach
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Trilinears in Gaugino Mediation

@ Original version |: Higgs fields on brane
~» vanishing trilinear scalar couplings Ag (at high energy)

@ Original version Il: Higgses in bulk but only couplings STSHZ, JHua
~ vanishing trilinear scalar couplings
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Trilinears in Gaugino Mediation

@ Original version |: Higgs fields on brane
~» vanishing trilinear scalar couplings Ag (at high energy)

@ Original version Il: Higgses in bulk but only couplings STSHZ/,dHu,d
~» vanishing trilinear scalar couplings

@ Bulk Higgses, all couplings allowed by symmetry (incl. S HZ’dHM)

Ay

~ Different values possible in up and down sector
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Boundary Conditions at Compactification Scale

Assuming 1/R ~ Mgyr:
@ Gauge couplings g1 =g =gs =g~ 1/v2
@ Gaugino masses My = Mo = Mz = my »
@ Gravitino mass ms»
@ Squark and slepton masses ~ 0
@ Trilinear couplings Ay <0
@ Soft Higgs masses m3, , m7, >0
@ tanf
@ sign(p) = +1
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Boundary Conditions at Compactification Scale

Assuming 1/R ~ Mgyr:
@ Gauge couplings g1 =g =gs =g~ 1/v2
@ Gaugino masses My = Mo = Mz = my »
@ Gravitino mass ms»
@ Squark and slepton masses ~ 0
@ Trilinear couplings Ay <0
@ Soft Higgs masses m3, , m7, >0
@ tanf
@ sign(p) = +1

Running generates non-zero masses at low energies
Calculated using SPHENO 3.3.8
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Higgs Mass

Calculated using FEYNHIGGS 2.12.2

@ FEYNHIGGS value ~ 3 GeV
smaller than SPHENO 3

@ Agreement with SPHENO 4

++ SPheno
« +« Old feynhiggs
1274 .« . feynhiggs NNLL
feynhiggs nolog 2

@ Downward shift by ~ 1 GeV
between FH 2.11 and 2.12
(mid-2016)

@ Main reason: more accurate
calculation of electroweak
corrections to MS top mass

-2 -1
AOm12

Jorn Kersten Trilinear-Augmented Gaugino Mediation 10/15



@ With gravitino LSP: neutralino, stau, or =m0 NLSP
@ Mainly depends on Ay and mz,

@ Large stau mixing possible
tanB =20, mpy, =5TeV?

tang =10, mj, =0
0 0
-1 “lperroerteroeisoerioe s
N N
g ~
g g
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o o
< 7 <
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Heisig, Kersten, Murphy, Strimke, JHEP 05 (2017)



LHC Constraints

@ Monte Carlo simulation (PYTHIA 6 + MADGRAPH5_AMC@NLO)

@ Stau NLSP: Heavy Stable Charged Particle

e Applied 8 TeV CMS search (18.8fb ")
o Estimated 13 TeV reach (300fb~")

@ Neutralino LSP/NLSP, NLSP: missing energy
e Tested against ATLAS searches using CHECKMATE 1
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Charge and Color Breaking

@ Minimum of scalar potential can be at non-zero sfermion vev
@ Simple but unreliable bound

2 2 2 2 2

@ Large tan 3: additional constraint on ptan 8

@ More sophisticated analysis needed (waiting for VEVACIOUS 2)
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@ Parameter space with stau NLSP probed by LHC
@ Neutral (N)LSP: no points forbidden, little hope for discovery



@ Parameter space with stau NLSP probed by LHC
@ Neutral (N)LSP: no points forbidden, little hope for discovery
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Conclusions

@ Gaugino-mediated SUSY breaking allows for large trilinears

@ No flavor and CP problems

@ Alleviated gravitino problem with gravitino dark matter

@ Neutralino or slepton NLSP

@ Observed Higgs mass reached for my_sp ~ (400...1400) GeV
@ Neutral NLSP too heavy for LHC

@ Stau NLSP metastable ~~ accessible in HSCP searches at LHC
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Couplings to Hidden Sector

£D1{ 1 [hSWO‘Wa] + h.c.
4 F

VD 4 MD-3
+ ML17 3 [3 (aHTHcT;eruHTHuJdeHTHd) +h. C}D
(-t
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