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@ electroweak symmetry breaking
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@ my, weakly sensitive to 1. and 2. generation:
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@ “Natural SUSY” :
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@ “Natural SUSY” dead?  No, because ...
@ ..My j00p May increase through stop mixing
® ...Mpee > Mz in extensions of the MSSM
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@ toy model with boundaries:
@ my,, (gauginos)
@ Ay (trilinear coupling)
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@ stop mixing increases my,
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@ fine-tuning: sensitivity of M to parameter a

a oMz
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a:

@ IH model:

M2 ~ 3.2m?,, —0.1mZ —0.01mZ — 0.85A My / +0.25A2 — 212
@ problem: sizable fine-tuning with respect to my »
@ but: cancellations between m;,, and mq for

m0215...20m1/2



Comparison with the CMSSM
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@ for fixed ratio my = 15my /, in the IH model
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string theory realization?




@ Heterotic MiniLandscape

Lebedev et al., Phys. Lett. B645 (2007), Phys. Lett. B668 (2008), Phys. Rev. D77 (2008)
@ assume: moduli except s fixed supersymmetrically
@ dilaton stabilized by gaugino condensate + uplifting sector
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@ Heterotic MiniLandscape
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@ vanishing vacuum energy
fixes const, Wy,
@ gauge coupling g®> =1/(s) ~1/2

@ gravitino mass: ms;, ~bAe ™ ~ 1...100 TeV
—~ b~15...20 (for A= O(1))

@ condensing gauge group SU(N):

8
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= N = 4,5 required



@ vanishing vacuum energy
fixes const, Wy,
@ gauge coupling g®> =1/(s) ~1/2

@ gravitino mass: ms;, ~bAe ™ ~ 1...100 TeV
= b~15...20 (for A= 0(1))
@ condensing gauge group SU(N):
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= N = 4,5 required

>70% of MiniLandscape
models yield N=4,5



@ SUSY breaking pattern fixed by dilaton stabilization
V3Fx _ 3mgp

b b
@ matter F-Term Fyx dominates, Fs suppressed by O(10)

Fs":

@ mirage pattern of gaugino masses
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@ p = 6 for hidden SU(4), o = 7.5 for SU(5)
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@ prediction: mg : mg : Mg = {



@ untwisted sector: Qa, tr, Hy, Hqg, (7R)

suppressed soft mass

@ twisted sector: 1. + 2. generation, bg, 7, (7r)

unsuppressed soft mass

= UV realization of “Natural SUSY”

Krippendorf et al., Phys. Lett. B712 (2012)

@ benchmark model:

2 _
i

m3 + (anomaly) (untwisted sector)
{ m2 + (anomaly)  (twisted sector)
Mo ~ M3/2, M3 < Mgp2
@ reduced fine-tuning: cancellations Mz, mg contribution to Mz
~ MartinW. Winkler (DESY) ~ Bethe Center Workshop2012 | Octobers 14



Parameter Scan
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gauginos:
@ compressed spectrum with fixed pattern
@ mg 2 2 TeV (from Higgs mass)

scalars:

@ inverted hierarchy

ot lightest sfermion (m; ~ 500 GeV ... (few) TeV)
LSP:

@ typically higgsino
gravitino:

® m3,, 2 20 TeV (from Higgs mass)



case: only m; < TeV

@ Drell-Yan production: ud — hoh+ — E7 + soft £
@ / too soft to trigger on, huge backgrounds with E7
= h-search at LHC seems hopeless

case: mp, my < TeV

@ stop production: t — b +h* — (b-jet) + E7 + soft ¢
@ distinct from vanilla SUSY:
@ b-jet # u,d-jets (higher multiplicity, larger spread, . ..)
@ lacking events with hard isolated leptons

Bobrovskyi et al., JHEP 1201 (2012)

problem: b-jet often fail hadronic activity cuts



@ gluinos detectable for mg < 2.5 TeV
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@ thermal production inefficient

Q |<QDM

h,therma

@ non-thermal production:

o dilaton gets displaced from its minimum by inflation, finite
temperature effects

Kalosh et al., JHEP 1204 (2004)
Buchmiiller et al., Nucl. Phys. B699 (2004)

2

T4
As ~ —B_ (reheating)
Mg Mp

@ coherent oscillations, redshift as (scale factor)—3
o dilaton decays directly or indirectly to h

Q Qom  for Tr ~ 10° GeV

~ ~Y
h,non-thermal



@ for my < my ~ mg

WIMP-Nucleon Cross Section [cm2]

105

10

10

op ~ 107% cm? x

.. EDELWEISS(2041)

e

S CE LI

XENONI100 (2012)

Buchmueller
etal.

XENONIT (2017)

L ! ! TR
6 78910 20 30 40 50 60 100
WIMP Mass [GeV/c?]

30 TeV\?
M3/
testable at

XENONI1T

Aprile et al., arXiv:1206.6288 (2012)



Conclusion

@ low energy implications in a class of MSSM models arising
from the heterotic string

@ mirage pattern of gaugino masses
@ mirage scale fixed by dilaton stabilization
@ inverted hierarchy in the sfermion sector

@ stop mixing generated through RGE running reduced
fine-tuning

cancellations gluino scalar contribution to Mz

typically higgsino LSP
@ distinct LHC signatures in combination with light stop

@ non-thermal higgsino dark matter, testable at XENON1T

v oy
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