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ΦTP2General MSSM

several studies, see e.g. S. Sekmen et al., arXiv:1109.5119; A. Arbey, M. Battaglia,

A. Djouadi and F. Mahmoudi, arXiv:1211.4004; M. Cahill-Rowley, J. Hewett, A. Ismail and

T. Rizzo, arXiv:1308.0297
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ΦTP2Dark matter, annihilation processes

bino wino, higgsino

bulk region focus-point region funnel region

wino, higgsino

focus-point region stau co-annihilation stop co-annihilation
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ΦTP2DM relic density and direct detection

relic density too low because higgsinos couple ‘strongly’ to W and Z

DD cross section rescaled with relic density → chance for LHC?
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ΦTP2Higgsino LSP: Challenge for LHC

Most challenging case: only higgsinos accessible but nothing else

and ∆M to small for any leptonic signature
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ΦTP2Higgsino LSP: Challenge for LHC

Most challenging case: only higgsinos accessible but nothing else

and ∆M to small for any leptonic signature

The only way to probe compressed higgsinos is a mono-jet signature:

‘Where the Sidewalk Ends? . . . ’ Alves, Izaguirre,Wacker 2011

which has been used in studies on compressed SUSY spectra, e.g. Dreiner,Kramer,Tattersall

2012; Han,Kobakhidze,Liu,Saavedra,Wu 2013; Han,Kribs,Martin,Menon 2014
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ΦTP2LHC @ 13 TeV: signal versus background

differences in rates: depressing but differences in shape is encouraging
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ΦTP2Extended gauge groups, motivation

additional D-term contributions to mh at tree-level
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ΦTP2Squark & Higgsino decays

either cascade decays

t̃i → tχ̃0
1/2 , bχ̃+

1

b̃i → bχ̃0
1/2 , tχ̃−

1

t̃1 → W+ b̃i , b̃i → W − t̃1

χ̃+
1 → ν̃Riℓ+i

χ̃0
1/2 → ν̃Riνi

or three-body decays

t̃1 → bl+ν̃Ri , t̃1 → tνiν̃Ri ,

b̃1 → tl−ν̃Ri , b̃1 → bνiν̃Ri .
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ΦTP2Branching ratios
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mq̃1 = 500 GeV (q = b, t), mν̃R = 100 GeV, µ = 590 GeV, M1 = M2 = 1 TeV. blue line:

q̃1 → qνν̃R, green line q̃1 → q′lν̃R summing over l; L. Mitzka, WP arXiv:1603.06130
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ΦTP2Set-up of analysis

based on CheckMATE
compares number of events passing each signal region of every considered analysis with the

observed S95 limit using

rcexp/obs =
S − 1.96 · ∆S

S95
exp/obs

S . . . event number of the considered signal region

∆S . . . MC error

S95
exp/obs

. . . expected or experimentally observed 95% confidence limit on the signal

following Drees et al. (2015):

rcobs < 2
3

: ‘strictly allowed’

2
3

< rcobs < 1.5: ‘inconclusive’ or ‘ambiguous’

rcobs > 1.5: ‘strictly excluded’
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ΦTP2CheckMATE analyses used

atlas_1403_2500 g̃ and q̃ jets, 2SS/3 leptons

atlas_conf_2013_036 RPV & RPC SUSY four or more leptons

atlas_1402_7029 χ̃± and χ̃0 3 leptons and Emiss
T

atlas_1403_4853 t̃ two leptons and 2 b jets

atlas_1403_5294 ℓ̃, χ̃0,± two leptons and Emiss
T

atlas_conf_089 t̃ two leptons via the razor variable

atlas_conf_2013_049 χ̃0,±, ℓ̃ two leptons

atlas_conf_2013_014 t̃ 2 b jets, two leptons (vie τ ), Emiss
T

atlas_1407_0583 t̃ 1 lepton, jets and Emiss
T

atlas_conf_2013_062 t̃, g̃ 1 lepton, jets and Emiss
T

atlas_conf_2013_104 t̃ 1 lepton, jets and Emiss
T

atlas_conf_2013_061 g̃ three b-jets and Emiss
T

atlas_1308_2631 b̃, t̃ 2 b jets and Emiss
T

atlas_conf_2013_047 q̃, g̃ jets and Emiss
T

atlas_conf_2013_024 t̃ hadronic tt̄ final states
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ΦTP2Parameters considered

mt̃1
in GeV: 300, 400, 500, 600, 700, 800, 900, 1000

mb̃1
in GeV: 300, 400, 500, 600, 700, 800, 900, 1000

mν̃R in GeV : 60, 100, 200, 300, 400, 500

µ in GeV: 110, 190, 290, 390, 490, 590 and require mν̃R < µ

tan β: 10, 50

θt̃: 0◦, 45◦, 90◦

θb̃: 0◦, 45◦, 90◦

M1 = M2 = 1 TeV

everything else, including t̃2,b̃2 and mg̃ : 2 TeV

The exception is potentially mb̃2
in case of θt̃ = 0

m2
W cos 2β = m2

t̃1
− m2

b̃1
cos2 θb̃ − m2

b̃2
sin2 θb̃ − m2

t + m2
b

⇒ mb̃2
↔ mb̃1

if necessary
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ΦTP2Constraints on µ:

pp → χ̃+
1 χ̃−

1 → ℓ+ℓ−ν̃Rν̃∗
R
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0
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eV

]

× excluded, N ambigous, � allowed

L. Mitzka, WP arXiv:1603.06130
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ΦTP2Detailed results, I
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ΦTP2Detailed results, II
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L. Mitzka, WP arXiv:1603.06130
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ΦTP2Summary results

ambigous as allowed ambigous as forbidden
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ΦTP2Conclusions

LHC: mh ≃ 125 GeV, no conclusive BSM physics found

‘Natural SUSY’: take only those states light which contribute to EWSB: h̃0,±, t̃1, g̃, b̃i

extreme case with higgsinos only:

very challenging: DM direkt detection and LHC probe complementary parameter

space regions

LHC: can discover higgsinos up to |µ| ≃ 150 GeV (200 GeV) for L=3 ab−1

extended gauge groups:

ν̃R LSP: compatible with DM, no direct DM constraint apply

mH̃± <∼ 290 GeV excluded if mH̃± − mν̃R
>∼ 150 GeV

independent of other parameters: mt̃1
<∼ 300 GeV excluded, mt̃1

>∼ 800 GeV

unconstrained,

for 300 GeV <∼ mt̃1
<∼ 800 GeV: exclusion depends on parameters, in particular

on cos θt̃
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ΦTP2Higgsino LSP: mass matrices

Mχ̃0 =





M1 0 −MZsωcβ MZsωsβ
0 M2 MZcωcβ −MZcωsβ

−MZsωcβ MZcωcβ −µ

MZsωsβ −MZcωsβ −µ 0





Mχ̃± =



 M2

√
2MW sβ

√
2MW cβ µ




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ΦTP2Scalar-top/stop searches
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