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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

generic signatures are well known: multi-lepton, multi-jets + missing ET

sub-class of general MSSM: ‘natural SUSY’

see e.g. M. Papucci, J. T. Ruderman and A. Weiler, arXiv:1110.6926;

H. Baer, V. Barger, P. Huang, A. Mustafayev, X. Tata, arXiv:1207.3343

keep only SUSY particles light needed for ’natural Higgs’:

t̃1, b̃1, g̃, χ̃0
1,2 ≃ h̃0

1,2, χ̃+
1 ≃ h̃+

⇒ 100 MeV <
∼ m

χ̃+

1

−mχ̃0
1
≃ mχ̃0

2
−mχ̃0

1

<
∼ 5− 10 GeV

g̃ → t̃1t, b̃1b

t̃1 → tχ̃0
1,2, bχ̃

+
1 ,W+ b̃1

b̃1 → bχ̃0
1,2, tχ̃

−
1 ,W− t̃1

BRs depend on the nature of t̃1 and b̃1
Higgsino mass: µ+ µ′ with soft SUSY breaking parameter: L = −µ′H̃dH̃u
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ΦTP2Extended gauge groups, motivation

additional D-term contributions to mh at tree-level

extra U(1)χ: m2
h,tree ≤ m2

Z + 1
4
g2χv

2

Origin of R-parity RP = (−1)2s+3(B−L)

⇒ SO(10) → SU(3)C × SU(2)L × SU(2)R × U(1)B−L

→ SU(3)C × SU(2)L × U(1)R × U(1)B−L

∼= SU(3)C × SU(2)L × U(1)Y × U(1)χ

or E(8)× E(8) → SU(3)C × SU(2)L × U(1)Y × U(1)B−L

Neutrino masses

B − L anomaly free ⇒ νR

usual seesaw, inverse seesaw
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ΦTP2Sfermions

M2
l̃
=



 M2
L̃
+DL +m2

l
1√
2
(vdTl − µYlvu)

1√
2
(vdTl − µYlvu) M2

Ẽ
+DR +m2

l



 ,

DL ≃ (− 1
2
+ sin2θW

)m2
Zc2β − 5

4
m2

Z′c2βR
and DR ≃ − sin2θW

m2
Zc2β + 5

4
m2

Z′c2βR

neglecting gauge kinetic effects; similarly for squarks
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ΦTP2Natural SUSY + ν̃R, parameters considered

effective model with t̃1, b̃1, h̃0
1,2, h̃+, ν̃R

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, and mg̃ : 2 TeV, b̃2 calculated

m2
W cos 2β = m2

t̃1
cos2 θt̃ −m2

t̃2
sin2 θt̃ −m2

b̃1
cos2 θb̃ −m2

b̃2
sin2 θb̃ −m2

t +m2
b

⇒mb̃2
↔ mb̃1

if necessary

mt̃2
↔ mt̃1

(if cos θb̃ = 1)
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ΦTP2Constraints on µ: 8+13 TeV data (13.9 fb−1)

pp → χ̃+
1 χ̃−

1 → ℓ+ℓ−ν̃Rν̃∗R

using CheckMATE 2.0 Th. Faber, J. Jones, Nh. Cerna-Velazco, WP arXiv:1704.xxxxx
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ΦTP2Summary results, t̃1, b̃1 searches 8 TeV data

ambigous as allowed ambigous as forbidden
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× excluded for all parameters considered, ◦ exclusion depends on parameters
� allowed for all parameters, using CheckMATE 1.0 L. Mitzka, WP arXiv:1603.06130
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ΦTP2Conclusions

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

GMSB, CMSSM, NUHM: mg̃ , mq̃ >
∼ 2 TeV

CMSSM, NUHM: large A0, danger of color and charge breaking minima

general MSSM: SUSY particles with masses of few 100 GeV still allowed if spectra

compressed, in particular light t̃1 still allowed

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

disadvantage: cannot explain dark matter relic density

‘Natural SUSY’ + ν̃R

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

mh̃+
<
∼ 400 GeV excluded if mh̃+ −mν̃R

>
∼ 150 GeV

independent of other parameters: mt̃1
<
∼ 300 GeV excluded except for very

compressed spectra (8 TeV data only)

for 300 GeV <
∼ mt̃1

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

on cos θt̃ (8 TeV data only)
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ΦTP2General Mirrage Mediation

Different sources for soft SUSY breaking: moduli & AMSB

main consequence: gaugino masses unify at a (vastly) different scale then gauge couplings

H. Baer, V. Barger, H. Serce and X. Tata, arXiv:1610.06205
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ΦTP2Higgsino LSP: spectrum

limit |µ| ≪ |M1|, |M2|:

∆m0 = mχ̃0
2
−mχ̃0

1
≃ m2

Z

(
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)

∆m± = m
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1
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2
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ΦTP2LHC bounds on t̃1
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ΦTP2Higgs sector

extra U(1)χ with new D-term contributions at tree-level: m2
h,tree ≤ m2

Z + 1
4
g2χv

2

H.E. Haber, M. Sher, PRD 35 (1987) 2206; M. Drees, PRD 35 (1987) 2910; M. Cvetic et al.,

hep-ph/9703317; E. Ma, arXiv:1108.4029; M. Hirsch et al., arXiv:1110.3037
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n = 1, Λ = 5 · 105 GeV, M = 1011 GeV, tan β = 30, sign(µR) = −, diag(YS) =

(0.7, 0.6, 0.6), Y ii
ν = 0.01, vR = 7 TeV

M.E. Krauss, W.P., F. Staub, arXiv:1304.0769
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ΦTP2Simplified Model

Weff =µĤu · Ĥd + Yt t̂RĤu · Q̂+ Ybb̂RQ̂ · Ĥd +
∑

k

(
Yν,k ν̂R,kĤu · L̂k +MkŜk ν̂R,k

)
,

Vsoft =
1

2
M3g̃g̃ +

∑

S

m2
S |S|

2 +BµHu ·Hd +
∑

k

(
BMk

S̃k ν̃R,k + Tνk ν̃R,kH̃u · L̃k

)

+ Tt t̃RHu · Q̃+ Tb b̃RQ̃ ·Hd

S =Hu, Hd, Q̃, t̃R, b̃R, ν̃R

assume Yν,k = Yν ; tree level relation

m2
W cos 2β = m2

t̃1
cos2 θt̃ +m2

t̃2
sin2 θt̃ −m2

b̃1
cos2 θb̃ −m2

b̃2
sin2 θb̃ −m2

t +m2
b

simplified ν̃R, S̃ mass matrix (one generation):

M2
˜̃νR,S̃

=



 |Mk|
2 BMk

BMk
|Mk|

2



 ⇒ m2
1,2 = |Mk|

2 ± |BMk
|

⇒ expect lightest ‘sneutrino’ as LSP,
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ΦTP2Branching ratios

b
~

1
tan(�)=10

-1.0 -0.5 0.0 0.5 1.0

0.0

0.2

0.4

0.6

0.8

1.0

Cos(�)

B
R

b
~

1
tan(�)=50

-1.0 -0.5 0.0 0.5 1.0

0.0

0.2

0.4

0.6

0.8

1.0

Cos(�)

B
R

t
~

1
tan(�)=10

-1.0 -0.5 0.0 0.5 1.0

0.0

0.2

0.4

0.6

0.8

1.0

Cos(�)

B
R

t
~

1
tan(�)=50

-1.0 -0.5 0.0 0.5 1.0

0.0

0.2

0.4

0.6

0.8

1.0

Cos(�)

B
R

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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ΦTP2CheckMATE analyses used for bounds on mb̃1
, mt̃1

, 8 TeV

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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ΦTP2Constraints on µ: 8 TeV data

pp → χ̃+
1 χ̃−

1 → ℓ+ℓ−ν̃Rν̃∗R
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× excluded, N ambigous, � allowed

using CheckMATE 1.0 L. Mitzka, WP arXiv:1603.06130
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