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ẽ ẽ
∗
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ΦTP2Natural SUSY + ν̃R: minimal inverse seesaw model

Weff = WMSSM +
1

2
(MR)ij ν̂R,i ν̂R,j

+ (Yν)ij L̂i · Ĥu ν̂R,j

(Yν)ℓ5 = ±(ZNH
ℓ )∗

√
2m3M5

vu
cosh γ56 e

∓iθ56

(Yν)ℓ6 = −i(ZNH
ℓ )∗

√
2m3M6

vu
cosh γ56 e

∓iθ56

R =




1 0 0

0 cosφ56 sinφ56

0 − sinφ56 cosφ56




φ56 ∈ C

mνh,i ≃ Mi−3, M4 = O(keV),

M5 ≃ M6 = O(few - 100 GeV)

search for sleptons

LHC, 13 TeV, tree-level

for searches: × K-factor 1.17

(B. Fuks et al., arXiv:1304.0790)

dominant decays:

l̃L → lχ̃0
1 , νχ̃−

1

ν̃L → l−χ̃+
1 , νχ̃0

1
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ΦTP2Natural SUSY + ν̃R: Higgsino LSP

µ = 120 GeV, tan β = 10 mL̃ = mẼ , tan β = 10

� excluded, • ambigous, ⋄ allowed , via

r=
S − 1.96∆S

Sobs

8+13 TeV data (13.9 fb−1)

using CheckMATE 2.0 Nh. Cerna-Velazco, Th. Faber, J. Jones, WP arXiv:1705.06583
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ΦTP2Natural SUSY + ν̃R: ν̃R-LSP

additional constraint

pp → χ̃+
1 χ̃−

1 → ℓ+ℓ−ν̃Rν̃∗R

8+13 TeV data (13.9 fb−1) µ = 25 +mν̃ < ml̃ ≃ mL̃ = mẼ

using CheckMATE 2.0 M1 = M2 = 2 TeV, tanβ = 6

mνR = 20 GeV

Nh. Cerna-Velazco, Th. Faber, J. Jones, WP arXiv:1705.06583
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ΦTP2Natural SUSY + ν̃R: ν̃R-LSP

additional constraint

pp → χ̃+
1 χ̃−

1 → ℓ+ℓ−ν̃Rν̃∗R

8+13 TeV data (13.9 fb−1) µ = 400 GeV, ml̃ ≃ mL̃ = mẼ

using CheckMATE 2.0 M1 = M2 = 2 TeV, tanβ = 6

mνR = 20 GeV

Nh. Cerna-Velazco, Th. Faber, J. Jones, WP arXiv:1705.06583
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ΦTP2Conclusions

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

CMSSM, NUHM: mg̃ , mq̃ >
∼ 2 TeV

GMSB: mg̃ , mq̃ >
∼ 6 TeV ⇒ Fcc-hh @ 100 TeV

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

‘Natural SUSY’: take only those states light which contribute to EWSB: h̃0,±, t̃1, g̃, b̃1

disadvantage: a priori cannot explain dark matter relic density

extra soft parameter µ′ ⇒ potential case for ILC @ 1 TeV

extended gauge groups

motived by ν-physics ⇒ extended (s)neutrino sector

can easier accommodate mh ≃ 125 GeV

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

‘Natural SUSY’ + ν̃R
mh̃+

<
∼ 400 GeV excluded if mh̃+ −mν̃R

>
∼ 150 GeV

slepton masses up to 600 GeV excluded

but: in case of mL̃ < |µ| the bounds seem to be significantly weaker
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ΦTP2Higgsino LSP: spectrum

limit |µ| ≪ |M1|, |M2|:

∆m0 = mχ̃0
2
−mχ̃0

1
≃ m2

Z

(
s2ω
M1

+
c2ω
M2

)

∆m± = m
χ̃±

1

−mχ̃0
1
≃

∆m0

2
+ |µ|

α(mZ)

π

(
2 + ln

m2
Z

µ2

)
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ΦTP2Gauge kinetic mixing

U(1)a × U(1)b models allow for (B. Holdom, PLB 166 (1986) 196)

L ⊃ −χabF̂
a,µν F̂ b

µν

Aa
µ Ab

µ
⇐⇒ γab = 1

16π2 Tr(QaQb)

equivalent

Dµ = ∂µ − i


 Qa

Qb




 gaa gab

gba gbb




 Aa

µ

Ab
µ




both U(1) unbroken ⇒ chose basis with e.g. gba = 0

affects also RGE running of soft SUSY parameters:

R. Fonseca, M. Malinsky, W.P., F. Staub, arXiv:1107.2670

ALPS 2018, Obergurgl, 18 April 2018 W. Porod, Uni. Würzburg – p. 29



ΦTP2A SUSY Z′-model

Superfield Generations U(1)Y × SU(2)L × SU(3)C × U(1)B−L

Q̂ 3 ( 1
6
,2,3, 1

6
)

D̂ 3 ( 1
3
,1, 3,− 1

6
)

Û 3 (− 2
3
,1, 3,− 1

6
)

L̂ 3 (− 1
2
,2, 1,− 1

2
)

Ê 3 (1,1,1, 1
2
)

ν̂ 3 (0,1,1, 1
2
)

Ĥd 1 (− 1
2
,2,1, 0)

Ĥu 1 ( 1
2
,2,1, 0)

η̂ 1 (0,1, 1,−1)

ˆ̄η 1 (0,1, 1, 1)

W =Y ij
u Ûi Q̂j Ĥu − Y ij

d D̂i Q̂j Ĥd − Y ij
e Êi L̂j Ĥd + µ Ĥu Ĥd + Y ij

ν L̂i Ĥu ν̂j

− µ′ η̂ ˆ̄η + Y ij
x ν̂i η̂ ν̂j

based on B. O’Leary, W.P., F. Staub, arXiv:1112.4600
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ΦTP2Z′ physics, I

K-factor for leptonic channels: ∼ 1.2
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M. Krauss, B. O’Leary, W.P., F. Staub, arXiv:1206.3513
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ΦTP2Z′ physics, II

BL1 BL2
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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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ΦTP2ν̃R-LSP, 3-body decays

for µ = 400 GeV > mL̃ = mẼ , tan β = 6, M1,M2 ≥ 500 GeV

100 150 200 250 300 350 400
0.01

0.05

0.10

0.50

1

m
L

~(GeV)

B
R
(�̃

2
)

100 150 200 250 300 350 400
0.01

0.05

0.10

0.50

1

m
L

~(GeV)

B
R
(�̃

�
L
)

�
˜-

-> �
˜
L �q q'

�
˜-

-> �
˜
L ��L�'

-

�
˜-

-> �
˜
L ��L�

-

�
˜-

-> �
˜
RW

-

�
˜
2
--> �

˜
1
-
f f

�
˜-

-> �
˜
Rq q'

�
˜-

-> �
˜
R�L�'

-

�
˜-

-> �
˜
R�L�

-

100 150 200 250 300 350 400
0.01

0.05

0.10

0.50

1

m
L
~(GeV)

B
R
(�̃

1
)

�
˜
L-> �

˜
Rh

0

�
˜
L-> �

˜
RZ

0

�
˜
L-> �

˜
Rqq

�
˜
L-> �

˜
R�L�L

�
˜
L-> �

˜
Rbb

�
˜
L-> �

˜
R�'

-�'+

�
˜
L-> �

˜
R�

-�+

100 150 200 250 300 350 400
0.01

0.05

0.10

0.50

1

m
L
~(GeV)

B
R
(�̃

�
L
)
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ΦTP2ν̃R-LSP, 3-body decays

for µ = 400 GeV > mL̃ = mẼ , tan β = 6 , M1,M2 ≥ 500 GeV
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