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Outline

Why are we interested in U(1)′ extentions?
Boosted tree level mass

Larger 1-loop corrections with smaller soft masses⇒ more
natural stop sector.

Extended Higgs Sector ∼ lightest Higgs: SM-like

Extended Neutralino Sector Singlino LSP possibly large
Γ(h→ χ̃0

i χ̃
0
j ).

Constrained parameter space: M ′Z searches, EW precision data,
invisible Higgs decays etc. Still room to play.
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Theoretical Motivation

MSSM: µ problem µ ∼ O(TeV ) ∼ msoft but µ is supersymmetry
respecting parameter.

USSM/NMSSM: generates µ-term effectively

W = WMSSM (µ = 0) + λSHuHd (1)

after EWSB: µeff = λ < S > HuHd

Now µeff is supersymmetry breaking parameter

NMSSM µHuHd
replaced−−−−−→ λSHuHd: WNSSM PQ-symmetry

φi → φ′i = eiQPQφ (2)

PQ=continuous symmetry→ SSB produces massless Goldstone
mode (not observed)
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Theoretical Motivation

USSM Solution: PQ global
promote−−−−−→ U(1)′ local

massless axion eaten by new U(1)′ gauge boson B′ → massive
extra Z ′ at the TeV scale.

no cubic term 1
3κS

3 (NMSSM)→ no domain problems (spoil CMB
radiation)

Extra U(1)′ also emerge from GUT’s and string theories.

Larger groups:
SU(5), SO(10) and E6

break−−−→ GSM × U(1)′ n, n ≥ 1.
Breaking mechanism imposes charge constraints.
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Phenomenological motivations/MSSM Vs USSM

Higgs discovery mh ' 125GeV

MSSM:

lightest CP even Higgs h1 saturates the upper bound

large 1-loop corrections→ naturalness is spoiled

large stop mixing Xt is required→ mt̃1
↓ mt̃2

↑
ATLAS lower limit on mt̃1

> 600GeV

large soft masses mt̃L
mt̃R
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USSM Advantages

m2
h0 . m2

z cos2(2β) + λ2υ2 sin2(2β) + υ2(QHd cos2(β) +QHu sin2(β))2 + ∆m2
h0

extra D-term contributions→M2
t̃

diagonal terms increase stop
masses

M2
t̃

=

(
m̃2
t̃L

+m2
t + ∆U1

t̃L
+Qt̃Ld

′ yt(A
∗
t vu − µeffvd)

yt(Atvu − µ∗effvd) m̃2
tR

+m2
t + ∆U1

t̃R
+Qt̃Rd

′

)

∆
U1
t̃L,R

 MSSM U(1) D-term

Qt̃L,R
d′  USSM extra U(1)′ D-term

large radiative corrections without large soft masses mt̃L
mt̃R

:
more natural stop sector than MSSM.

smaller stop mixing for mh1 ' 125GeV

Loop corrections: Coleman-Weinberg effective potential top
and stop loops [ MSSM: Carena, Quiros, Wagner (1996) USSM: H. Amini(2003)]
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Bottom-up approach: pUSSM

Here: we follow bottom-up, phenomenological approach to
quantify these virtues in the light of existing data
Charge constraints: WUSSM invariant under U(1)′ gauge
symmetry

λSHuHd → QHu︸︷︷︸+QHd + Qs︸︷︷︸ = 0 (3)

yuūQHu → QHu +QũL︸︷︷︸+QũR = 0 (4)

yeēLHd → QHd +QẽL +QẽR = 0 (5)

eq.(3),(4): enter Higgs Sector and Stop masses. eq.(5): less
relevant for current study. Charges are free parameters⇒ d.o.f = 3
Allow generation non-universal charges: general framework⇒
results applicable to a variety of models. Do not impose anomaly
cancellation as we allow for generic exotics, though possible to do
with non-universal charges [Demier et al 2005]
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USSM Advantages/Stop Sector

D-terms: Da =
∑

a,i ga(φ
?
iT

aφ)
U(1)′−−−→ D′ =

∑
iQi|φ|21
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Figure : Both graphs λ = 0.3, tanβ = 4, m̃q3 = m̃tR = 0.4TeV. Solid lines
At = 1TeV (large mixing). Dashed lines At = 0.5TeV (small mixing).

1Note that the charges have absorbed the new gauge coupling
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MSSM Vs USSM/Stop Sector

D′ = Qt̃L |t̃L|
2 +Qt̃R |t̃R|

2 + d′ + . . . where d′ =< D′ >=
∑

φQφv
2
φ.
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Figure : λ = 0.3, At = 0.5, mt̃L
= mt̃R

= 0.4TeV. Solid: tanβ = 1 Dashed:
tanβ = 50. Black lines correspond to large mixing At = 1TeV for tanβ = 50.
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MSSM Vs USSM/Higgs Sector

Extra D-term (& F-terms) contributions to VHiggs at tree level⇒
boosted tree level mh1 ⇒ no need for large loops.

M2
H =
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2
vs

[
h2
s +QHdQSg1′

2
]
vdvs − hsAs√
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USSM Sector: 2 complex Higgs doublets + singlet somplex
scalar=10 d.o.f

< Hu >,< Hd >,< S > 
4 d.o.f = Goldstone bosons "eaten" by W±, Z, Z ′

6 d.o.f will give 3 CP-even h0
1, H

0
2 , H

0
3

1 CP-odd Higgs A0 and 2 charged H±
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Higgs Sector: U Vs MSSM
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(a) 1-loop MSSM (Red) and USSM
(Blue). Dashed = Tree level. mt̃L
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2.5TeV, λ = 0.3. 1-loop MSSM (Red)
and USSM (Blue). Dashed = tree level
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(Preliminary) Scatter plot for various charges and light soft masses mt̃L
= mt̃R

= 0.4TeV, vs = 2.5TeV . In this

plot charges are varied. Black horizontal corresponds to mh = 125GeV. Everything else fixed. Blue thick: E6 charges.

QHu , Qs, Qt̃L
Black:(-2,3,1) Blue Dashed:(-2,1,1) Red Dashed:(2,-4,-1) Black Dashed:(2,-1,-1) Gray Dashed:(-4,5,1)
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More "Natural" stop spectrum

−m2
Z

2 = |µ|2 +m2
Hu

+ Σ(Qi, vi, tanβ) [Athron, King (2013)]

δm2
Hu

should not be too large for a natural theory.

Fine tuning: ∆ =
δm2

Hu

m2
Hu

M2
h=−2mHu−−−−−−−−→=

2δm2
Hu

M2
h

[Kitano and Nomura (2007)]

m2
Hu
 receives large loop corrections from stop and top loops

[RGE’s: P. Athron, S. F. King et al(2009)]

δm2
Hu
|stops = − 3

8π2
y2
t (m

2
t̃L

+m2
t̃R

+ |A2
t |) log(

Λ

TeV
)︸ ︷︷ ︸

MSSM

− λ2

8π
m2
s log(

Λ

TeV
)︸ ︷︷ ︸

USSM

+ . . .

Fine tuning in U(1) extended models ⇒[M. Cvetič et al(1998)/R. Barbieri et al (2006)]
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Stop Sector Fine-Tuning

Fix fine-tuning from stop sector [M. Papucci et al 2011]

⇒ m2
t̃L

+m2
t̃R

= const

Xt = At − µeff cotβ needs to be not very large
what about the Higgs mass?

50

50

100

100

150

150

200

250

300

350

400

m h = 120 GeV MSSM

m
t
t

�

- 600 - 400 - 200 0 200 400 600

- 1500

- 1000

- 500

0

500

1000

1500

m
t
�

L
- m

t
�

R
H GeV L

X
t

HG
eV

L 500
400

300

300

200

200

100

100

120

130

120
mh = 130

USSM

- 600 - 400 - 200 0 200 400 600

- 1500

- 1000

- 500

0

500

1000

1500

m
t
�

L
- m

t
�

R
H GeV L

X
t

HG
eV

L

Figure : m2
t̃L

+m2
t̃R

= (400
√

2)2, tanβ = 4Agamemnon Sfondilis (University of Sussex) pUSSM SUSY 2014 14 / 18



Extended Neutralino Sector

Extra gaugino (B̃′, S̃) mixes with the MSSM gaugino’s⇒ # 6 χ̃0
i

Extra 2× 2 matrix for M ′1 � vs "see-saw" like mechanism 1
massive χ̃0

6 and 1 light χ̃0: LSP candidate.
B. de Carlos, Espinosa (1997), Choi et al(2006), Barger et al(2005)

Mχ̃0 =



M1 0 −1
2g
′vd

1
2g
′vu 0 0

0 M2
1
2gvd −1

2gvu 0 0

−1
2g
′vd

1
2gvd 0 −µeff −λvu√

2
QHdg

′
1vd

1
2g
′vu −1

2gvu −µeff 0 −λvd√
2

QHug
′
1vu

0 0 −λvu√
2

−λvd√
2

0 QSg
′
1vs

0 0 QHdg
′
1vd QHug

′
1vu QSg

′
1vs M ′1



In our study: M1, M2, M3 ⇒ free param. (no constraints from
gaugino unification.)

⇒ can have h1 → χ̃0
1χ̃

0
1, χ̃

0
1χ̃

0
2, χ̃

0
1χ̃

0
3, . . .
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Constraints

Experimental Constraints:
Higgs discovery:
mh ∼ 125GeV
Stop searches:
t̃1 > 400− 600GeV
Exotic Z ′ searches:
MZ′ > 2.5TeV
Charged Higgs searches
MH± > 140GeV
EW constraints
sin θz−z′ < O(10−3)
Γ(Z → inv) < 3MeV
Γ(h→ inv) < 1.5MeV since
ΓhSM

' 4.15MeV
Chargino mχ̃± > 104GeV

Model ℓ, γ Jets Emiss
T

∫
L dt[fb−1] Mass limit Reference
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ADD GKK + g/q − 1-2 j Yes 4.7 n = 2 1210.44914.37 TeVMD

ADD non-resonant ℓℓ 2e,µ − − 20.3 n = 3 HLZ ATLAS-CONF-2014-0305.2 TeVMS

ADD QBH→ ℓq 1 e,µ 1 j − 20.3 n = 6 1311.20065.2 TeVMth

ADD QBH − 2 j − 20.3 n = 6 to be submitted to PRD5.82 TeVMth

ADD BH high Ntrk 2 µ (SS) − − 20.3 n = 6, MD = 1.5 TeV, non-rot BH 1308.40755.7 TeVMth

ADD BH high
∑
pT ≥ 1 e, µ ≥ 2 j − 20.3 n = 6, MD = 1.5 TeV, non-rot BH 1405.42546.2 TeVMth

RS1 GKK → ℓℓ 2 e,µ − − 20.3 k/MPl = 0.1 1405.41232.68 TeVGKK mass

RS1 GKK →WW → ℓνℓν 2 e,µ − Yes 4.7 k/MPl = 0.1 1208.28801.23 TeVGKK mass

Bulk RS GKK → ZZ → ℓℓqq 2 e,µ 2 j / 1 J − 20.3 k/MPl = 1.0 ATLAS-CONF-2014-039730 GeVGKK mass

Bulk RS GKK → HH → bb̄bb̄ − 4 b − 19.5 k/MPl = 1.0 ATLAS-CONF-2014-005590-710 GeVGKK mass

Bulk RS gKK → tt 1 e,µ ≥ 1 b, ≥ 1J/2j Yes 14.3 BR = 0.925 ATLAS-CONF-2013-0522.0 TeVgKK mass

S1/Z2 ED 2 e,µ − − 5.0 1209.25354.71 TeVMKK ≈ R−1

UED 2 γ − Yes 4.8 ATLAS-CONF-2012-0721.41 TeVCompact. scale R−1

SSM Z ′ → ℓℓ 2 e,µ − − 20.3 1405.41232.9 TeVZ′ mass

SSM Z ′ → ττ 2 τ − − 19.5 ATLAS-CONF-2013-0661.9 TeVZ′ mass

SSM W ′ → ℓν 1 e,µ − Yes 20.3 ATLAS-CONF-2014-0173.28 TeVW′ mass

EGM W ′ →WZ → ℓν ℓ′ℓ′ 3 e,µ − Yes 20.3 1406.44561.52 TeVW′ mass

EGM W ′ →WZ → qqℓℓ 2 e,µ 2 j / 1 J − 20.3 ATLAS-CONF-2014-0391.59 TeVW′ mass

LRSM W ′
R → tb 1 e,µ 2 b, 0-1 j Yes 14.3 ATLAS-CONF-2013-0501.84 TeVW′ mass

LRSM W ′
R
→ tb 0 e,µ ≥ 1 b, 1 J − 20.3 to be submitted to EPJC1.77 TeVW′ mass

CI qqqq − 2 j − 4.8 η = +1 1210.17187.6 TeVΛ

CI qqℓℓ 2 e,µ − − 20.3 ηLL = −1 ATLAS-CONF-2014-03021.6 TeVΛ

CI uutt 2 e,µ (SS) ≥ 1 b, ≥ 1 j Yes 14.3 |C | = 1 ATLAS-CONF-2013-0513.3 TeVΛ

EFT D5 operator (Dirac) 0 e,µ 1-2 j Yes 10.5 at 90% CL for m(χ) < 80 GeV ATLAS-CONF-2012-147731 GeVM∗
EFT D9 operator (Dirac) 0 e,µ 1 J, ≤ 1 j Yes 20.3 at 90% CL for m(χ) < 100 GeV 1309.40172.4 TeVM∗

Scalar LQ 1st gen 2 e ≥ 2 j − 1.0 β = 1 1112.4828660 GeVLQ mass

Scalar LQ 2nd gen 2 µ ≥ 2 j − 1.0 β = 1 1203.3172685 GeVLQ mass

Scalar LQ 3rd gen 1 e, µ, 1 τ 1 b, 1 j − 4.7 β = 1 1303.0526534 GeVLQ mass

Vector-like quark TT → Ht + X 1 e,µ ≥ 2 b, ≥ 4 j Yes 14.3 T in (T,B) doublet ATLAS-CONF-2013-018790 GeVT mass

Vector-like quark TT →Wb + X 1 e,µ ≥ 1 b, ≥ 3 j Yes 14.3 isospin singlet ATLAS-CONF-2013-060670 GeVT mass

Vector-like quark TT → Zt + X 2/≥3 e, µ ≥2/≥1 b − 20.3 T in (T,B) doublet ATLAS-CONF-2014-036735 GeVT mass

Vector-like quark BB → Zb + X 2/≥3 e, µ ≥2/≥1 b − 20.3 B in (B,Y) doublet ATLAS-CONF-2014-036755 GeVB mass

Vector-like quark BB →Wt + X 2 e,µ (SS) ≥ 1 b, ≥ 1 j Yes 14.3 B in (T,B) doublet ATLAS-CONF-2013-051720 GeVB mass

Excited quark q∗ → qγ 1 γ 1 j − 20.3 only u∗ and d∗, Λ = m(q∗) 1309.32303.5 TeVq∗ mass

Excited quark q∗ → qg − 2 j − 20.3 only u∗ and d∗, Λ = m(q∗) to be submitted to PRD4.09 TeVq∗ mass

Excited quark b∗ →Wt 1 or 2 e,µ 1 b, 2 j or 1 j Yes 4.7 left-handed coupling 1301.1583870 GeVb∗ mass

Excited lepton ℓ∗ → ℓγ 2 e, µ, 1 γ − − 13.0 Λ = 2.2 TeV 1308.13642.2 TeVℓ∗ mass

LSTC aT →W γ 1 e, µ, 1 γ − Yes 20.3 to be submitted to PLB960 GeVaT mass

LRSM Majorana ν 2 e,µ 2 j − 2.1 m(WR ) = 2 TeV, no mixing 1203.54201.5 TeVN0 mass

Type III Seesaw 2 e,µ − − 5.8 |Ve |=0.055, |Vµ |=0.063, |Vτ |=0 ATLAS-CONF-2013-019245 GeVN± mass

Higgs triplet H±± → ℓℓ 2 e,µ (SS) − − 4.7 DY production, BR(H±± → ℓℓ)=1 1210.5070409 GeVH±± mass

Multi-charged particles − − − 4.4 DY production, |q| = 4e 1301.5272490 GeVmulti-charged particle mass

Magnetic monopoles − − − 2.0 DY production, |g | = 1gD 1207.6411862 GeVmonopole mass

Mass scale [TeV]10−1 1 10
√
s = 7 TeV

√
s = 8 TeV

ATLAS Exotics Searches* - 95% CL Exclusion
Status: ICHEP 2014

ATLAS Preliminary∫
L dt = (1.0 - 20.3) fb−1

√
s = 7, 8 TeV

*Only a selection of the available mass limits on new states or phenomena is shown.
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MSUGRA/CMSSM 0 2-6 jets Yes 20.3 m(q̃)=m(g̃) 1405.78751.7 TeVq̃, g̃

MSUGRA/CMSSM 1 e, µ 3-6 jets Yes 20.3 any m(q̃) ATLAS-CONF-2013-0621.2 TeVg̃

MSUGRA/CMSSM 0 7-10 jets Yes 20.3 any m(q̃) 1308.18411.1 TeVg̃

q̃q̃, q̃→qχ̃
0
1 0 2-6 jets Yes 20.3 m(χ̃

0
1)=0 GeV, m(1st gen. q̃)=m(2nd gen. q̃) 1405.7875850 GeVq̃

g̃g̃, g̃→qq̄χ̃
0
1 0 2-6 jets Yes 20.3 m(χ̃

0
1)=0 GeV 1405.78751.33 TeVg̃

g̃g̃, g̃→qqχ̃
±
1→qqW±χ̃01 1 e, µ 3-6 jets Yes 20.3 m(χ̃

0
1)<200 GeV, m(χ̃

±
)=0.5(m(χ̃

0
1)+m(g̃)) ATLAS-CONF-2013-0621.18 TeVg̃

g̃g̃, g̃→qq(ℓℓ/ℓν/νν)χ̃
0
1

2 e, µ 0-3 jets - 20.3 m(χ̃
0
1)=0 GeV ATLAS-CONF-2013-0891.12 TeVg̃

GMSB (ℓ̃ NLSP) 2 e, µ 2-4 jets Yes 4.7 tanβ<15 1208.46881.24 TeVg̃

GMSB (ℓ̃ NLSP) 1-2 τ + 0-1 ℓ 0-2 jets Yes 20.3 tanβ >20 1407.06031.6 TeVg̃

GGM (bino NLSP) 2 γ - Yes 20.3 m(χ̃
0
1)>50 GeV ATLAS-CONF-2014-0011.28 TeVg̃

GGM (wino NLSP) 1 e, µ + γ - Yes 4.8 m(χ̃
0
1)>50 GeV ATLAS-CONF-2012-144619 GeVg̃

GGM (higgsino-bino NLSP) γ 1 b Yes 4.8 m(χ̃
0
1)>220 GeV 1211.1167900 GeVg̃

GGM (higgsino NLSP) 2 e, µ (Z) 0-3 jets Yes 5.8 m(NLSP)>200 GeV ATLAS-CONF-2012-152690 GeVg̃

Gravitino LSP 0 mono-jet Yes 10.5 m(G̃)>10−4 eV ATLAS-CONF-2012-147645 GeVF1/2 scale

g̃→bb̄χ̃
0
1 0 3 b Yes 20.1 m(χ̃

0
1)<400 GeV 1407.06001.25 TeVg̃

g̃→tt̄χ̃
0
1 0 7-10 jets Yes 20.3 m(χ̃

0
1) <350 GeV 1308.18411.1 TeVg̃

g̃→tt̄χ̃
0
1

0-1 e, µ 3 b Yes 20.1 m(χ̃
0
1)<400 GeV 1407.06001.34 TeVg̃

g̃→bt̄χ̃
+
1 0-1 e, µ 3 b Yes 20.1 m(χ̃

0
1)<300 GeV 1407.06001.3 TeVg̃

b̃1b̃1, b̃1→bχ̃
0
1 0 2 b Yes 20.1 m(χ̃

0
1)<90 GeV 1308.2631100-620 GeVb̃1

b̃1b̃1, b̃1→tχ̃
±
1 2 e, µ (SS) 0-3 b Yes 20.3 m(χ̃

±
1 )=2 m(χ̃

0
1) 1404.2500275-440 GeVb̃1

t̃1 t̃1(light), t̃1→bχ̃
±
1 1-2 e, µ 1-2 b Yes 4.7 m(χ̃

0
1)=55 GeV 1208.4305, 1209.2102110-167 GeVt̃1

t̃1 t̃1(light), t̃1→Wbχ̃
0
1

2 e, µ 0-2 jets Yes 20.3 m(χ̃
0
1) =m(t̃1)-m(W)-50 GeV, m(t̃1)<<m(χ̃

±
1 ) 1403.4853130-210 GeVt̃1

t̃1 t̃1(medium), t̃1→tχ̃
0
1

2 e, µ 2 jets Yes 20.3 m(χ̃
0
1)=1 GeV 1403.4853215-530 GeVt̃1

t̃1 t̃1(medium), t̃1→bχ̃
±
1 0 2 b Yes 20.1 m(χ̃

0
1)<200 GeV, m(χ̃

±
1 )-m(χ̃

0
1)=5 GeV 1308.2631150-580 GeVt̃1

t̃1 t̃1(heavy), t̃1→tχ̃
0
1

1 e, µ 1 b Yes 20 m(χ̃
0
1)=0 GeV 1407.0583210-640 GeVt̃1

t̃1 t̃1(heavy), t̃1→tχ̃
0
1 0 2 b Yes 20.1 m(χ̃

0
1)=0 GeV 1406.1122260-640 GeVt̃1

t̃1 t̃1, t̃1→cχ̃
0
1 0 mono-jet/c-tag Yes 20.3 m(t̃1)-m(χ̃

0
1 )<85 GeV 1407.060890-240 GeVt̃1

t̃1 t̃1(natural GMSB) 2 e, µ (Z) 1 b Yes 20.3 m(χ̃
0
1)>150 GeV 1403.5222150-580 GeVt̃1

t̃2 t̃2, t̃2→t̃1 + Z 3 e, µ (Z) 1 b Yes 20.3 m(χ̃
0
1)<200 GeV 1403.5222290-600 GeVt̃2

ℓ̃L,R ℓ̃L,R, ℓ̃→ℓχ̃01 2 e, µ 0 Yes 20.3 m(χ̃
0
1)=0 GeV 1403.529490-325 GeVℓ̃

χ̃+
1
χ̃−
1 , χ̃

+
1→ℓ̃ν(ℓν̃) 2 e, µ 0 Yes 20.3 m(χ̃

0
1)=0 GeV, m(ℓ̃, ν̃)=0.5(m(χ̃

±
1 )+m(χ̃

0
1)) 1403.5294140-465 GeVχ̃±

1

χ̃+
1
χ̃−
1 , χ̃

+
1→τ̃ν(τν̃) 2 τ - Yes 20.3 m(χ̃

0
1)=0 GeV, m(τ̃, ν̃)=0.5(m(χ̃

±
1 )+m(χ̃

0
1)) 1407.0350100-350 GeVχ̃±

1

χ̃±
1
χ̃0
2→ℓ̃Lνℓ̃Lℓ(ν̃ν), ℓν̃ℓ̃Lℓ(ν̃ν) 3 e, µ 0 Yes 20.3 m(χ̃

±
1 )=m(χ̃

0
2), m(χ̃

0
1)=0, m(ℓ̃, ν̃)=0.5(m(χ̃

±
1 )+m(χ̃

0
1)) 1402.7029700 GeVχ̃±

1
, χ̃

0

2

χ̃±
1
χ̃0
2→Wχ̃

0
1Zχ̃

0
1

2-3 e, µ 0 Yes 20.3 m(χ̃
±
1 )=m(χ̃

0
2), m(χ̃

0
1)=0, sleptons decoupled 1403.5294, 1402.7029420 GeVχ̃±

1 , χ̃
0

2

χ̃±
1
χ̃0
2→Wχ̃

0
1h χ̃

0
1

1 e, µ 2 b Yes 20.3 m(χ̃
±
1 )=m(χ̃

0
2), m(χ̃

0
1)=0, sleptons decoupled ATLAS-CONF-2013-093285 GeVχ̃±

1
, χ̃

0

2

χ̃0
2
χ̃0
3, χ̃

0
2,3 →ℓ̃Rℓ 4 e, µ 0 Yes 20.3 m(χ̃

0
2)=m(χ̃

0
3), m(χ̃

0
1)=0, m(ℓ̃, ν̃)=0.5(m(χ̃

0
2)+m(χ̃

0
1)) 1405.5086620 GeVχ̃0

2,3

Direct χ̃
+
1
χ̃−
1 prod., long-lived χ̃

±
1 Disapp. trk 1 jet Yes 20.3 m(χ̃

±
1 )-m(χ̃

0
1)=160 MeV, τ(χ̃

±
1 )=0.2 ns ATLAS-CONF-2013-069270 GeVχ̃±

1

Stable, stopped g̃ R-hadron 0 1-5 jets Yes 27.9 m(χ̃
0
1)=100 GeV, 10 µs<τ(g̃)<1000 s 1310.6584832 GeVg̃

GMSB, stable τ̃, χ̃
0
1→τ̃(ẽ, µ̃)+τ(e, µ) 1-2 µ - - 15.9 10<tanβ<50 ATLAS-CONF-2013-058475 GeVχ̃0

1

GMSB, χ̃
0
1→γG̃, long-lived χ̃

0
1

2 γ - Yes 4.7 0.4<τ(χ̃
0
1)<2 ns 1304.6310230 GeVχ̃0

1

q̃q̃, χ̃
0
1→qqµ (RPV) 1 µ, displ. vtx - - 20.3 1.5 <cτ<156 mm, BR(µ)=1, m(χ̃

0
1)=108 GeV ATLAS-CONF-2013-0921.0 TeVq̃

LFV pp→ν̃τ + X, ν̃τ→e + µ 2 e, µ - - 4.6 λ′
311

=0.10, λ132=0.05 1212.12721.61 TeVν̃τ
LFV pp→ν̃τ + X, ν̃τ→e(µ) + τ 1 e, µ + τ - - 4.6 λ′

311
=0.10, λ1(2)33=0.05 1212.12721.1 TeVν̃τ

Bilinear RPV CMSSM 2 e, µ (SS) 0-3 b Yes 20.3 m(q̃)=m(g̃), cτLS P<1 mm 1404.25001.35 TeVq̃, g̃

χ̃+
1
χ̃−
1 , χ̃

+
1→Wχ̃

0
1, χ̃

0
1→eeν̃µ, eµν̃e 4 e, µ - Yes 20.3 m(χ̃

0
1)>0.2×m(χ̃

±
1 ), λ121,0 1405.5086750 GeVχ̃±

1

χ̃+
1
χ̃−
1 , χ̃

+
1→Wχ̃

0
1, χ̃

0
1→ττν̃e, eτν̃τ 3 e, µ + τ - Yes 20.3 m(χ̃

0
1)>0.2×m(χ̃

±
1 ), λ133,0 1405.5086450 GeVχ̃±

1

g̃→qqq 0 6-7 jets - 20.3 BR(t)=BR(b)=BR(c)=0% ATLAS-CONF-2013-091916 GeVg̃

g̃→t̃1t, t̃1→bs 2 e, µ (SS) 0-3 b Yes 20.3 1404.250850 GeVg̃

Scalar gluon pair, sgluon→qq̄ 0 4 jets - 4.6 incl. limit from 1110.2693 1210.4826100-287 GeVsgluon

Scalar gluon pair, sgluon→tt̄ 2 e, µ (SS) 2 b Yes 14.3 ATLAS-CONF-2013-051350-800 GeVsgluon

WIMP interaction (D5, Dirac χ) 0 mono-jet Yes 10.5 m(χ)<80 GeV, limit of<687 GeV for D8 ATLAS-CONF-2012-147704 GeVM* scale

Mass scale [TeV]10−1 1
√
s = 7 TeV

full data

√
s = 8 TeV

partial data

√
s = 8 TeV

full data

ATLAS SUSY Searches* - 95% CL Lower Limits
Status: ICHEP 2014

ATLAS Preliminary√
s = 7, 8 TeV

*Only a selection of the available mass limits on new states or phenomena is shown. All limits quoted are observed minus 1σ theoretical signal cross section uncertainty.
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Z − Z ′ mixing ⇐ kinetic mixing &
mass term. Kinetic: eliminated
by field redefinition ⇒ absorbed
by U(1)′ charges (generic charges
take into account kinetic mixing)

M2
ZZ′ =

(
m2
Z ∆2

Z

∆2
Z m2

Z′

)

m2
Z= 1

4
g2
Zv

2

m2
Z′=v

2
(
Q2
Hd
c2β+Q2

Hu
s2β

)
+2Q2

S v
2
S

∆2
Z= 1

2
gZv

2(QHus2β−QHdc
2
β)

tan 2θZZ′=−2 ∆2
Z/(m

2
Z′−m2

Z)

⇒ need for large singlet vev.
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Black curve: [Erler et al (2009)]. tan β = 4

E6 model. (Preliminary)

Extra singlet extensions?⇒ relax this

requirement
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Conclusions

U(1) SUSY gauge extensions well motivated theoretically and
phenomenologically.

Extended sector increases the mass of the Higgs making it a
more viable scenario in light of the Higgs discovery.

In particular D-term contributions to stops and tree level mass of
the Higgs might improve naturalness.

Interesting Higgs phenomenology. There is still room for invisible
Higgs decays.

A very light singlino is possible in this scenario.

Interesting to look for viable points of the parameter space in case
we are missing something with more "strict" UV complete models
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