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Motivation

The Minimal Supersymmetric Standard Model (MSSM)
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Motivation

The Minimal Supersymmetric Standard Model (MSSM)

Leptons

Quarks

G
a
u
g

e
 b

o
so

n
s

u

d

c t

s b

e μ τ

νe νμ ντ

g

γ

Z

W±

H
ig

g
s 

b
o
so

n
s

h

Squarks

u

d

c t

s b

~ ~ ~

~ ~ ~

Sleptons

e μ τ

νe νμ ντ

~ ~ ~

~ ~ ~ H

H±

A

g

B

W

G
a
u
g

in
o
s

~

~

~

H
ig

g
si

n
o
s

HuH0~

HuH+~

HdH0~

HdH-~

Neutralinos

Charginos

χ0~

χ±~

4



Motivation

MSSM: field content

Superfield SU(3)c SU(2)L U(1)Y

Q 3 2 1/6

Uc 3̄ 1 −2/3

Dc 3̄ 1 1/3

L 1 2 −1/2

E c 1 1 1

Hu 1 2 1/2

Hd 1 2 −1/2

B 1 1 0

W i 1 3 0

G a 8 1 0
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Motivation

MSSM: superpotential

The most general superpotential:

W = yuQHuU
c − ydQHdD

c − yeLHdE
c + µHuHd ← good

+
1

2
λLLE c + λ′LQDc +

1

2
λ′′UcDcDc + εHuL ← bad

lepton number violating baryon number violating

Can we forbid the undesirable terms?

6



Motivation

R-parity

Discrete Z2 symmetry forbids undesirable terms. Consequences:

 supersymmetric particles are produced in pairs

 decaying supersymmetric particles must produce at least one
supersymmetric particles

 the lightest supersymmetric particle (LSP) is stable
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Motivation

ATLAS susy searches

Model e,µ,τ,γ Jets Emiss
T

R
L dt[fb−1] Mass limit Reference
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MSUGRA/CMSSM 0-3 e,µ/1-2 τ 2-10 jets/3 b Yes 20.3 m(q̃)=m(g̃) 1507.05525q̃, g̃ 1.85 TeV
q̃q̃, q̃→qχ̃0

1 0 2-6 jets Yes 36.1 m(χ̃0
1)<200 GeV, m(1st gen. q̃)=m(2nd gen. q̃) ATLAS-CONF-2017-0221.57 TeVq̃

q̃q̃, q̃→qχ̃0
1 (compressed) mono-jet 1-3 jets Yes 3.2 m(q̃)-m(χ̃0

1)<5 GeV 1604.07773608 GeVq̃

g̃g̃, g̃→qq̄χ̃0
1 0 2-6 jets Yes 36.1 m(χ̃0

1)<200 GeV ATLAS-CONF-2017-0222.02 TeVg̃

g̃g̃, g̃→qqχ̃±1→qqW±χ̃0
1 0 2-6 jets Yes 36.1 m(χ̃0

1)<200 GeV, m(χ̃±)=0.5(m(χ̃0
1)+m(g̃)) ATLAS-CONF-2017-0222.01 TeVg̃

g̃g̃, g̃→qq(ℓℓ/νν)χ̃0
1 3 e,µ 4 jets - 13.2 m(χ̃0

1)<400 GeV ATLAS-CONF-2016-0371.7 TeVg̃

g̃g̃, g̃→qqWZχ̃0
1 2 e,µ (SS) 0-3 jets Yes 13.2 m(χ̃0

1) <500 GeV ATLAS-CONF-2016-0371.6 TeVg̃

GMSB (ℓ̃ NLSP) 1-2 τ+ 0-1 ℓ 0-2 jets Yes 3.2 1607.059792.0 TeVg̃
GGM (bino NLSP) 2 γ - Yes 3.2 cτ(NLSP)<0.1 mm 1606.091501.65 TeVg̃
GGM (higgsino-bino NLSP) γ 1 b Yes 20.3 m(χ̃0

1)<950 GeV, cτ(NLSP)<0.1 mm, µ<0 1507.05493g̃ 1.37 TeV
GGM (higgsino-bino NLSP) γ 2 jets Yes 13.3 m(χ̃0

1)>680 GeV, cτ(NLSP)<0.1 mm, µ>0 ATLAS-CONF-2016-0661.8 TeVg̃
GGM (higgsino NLSP) 2 e,µ (Z) 2 jets Yes 20.3 m(NLSP)>430 GeV 1503.03290g̃ 900 GeV
Gravitino LSP 0 mono-jet Yes 20.3 m(G̃)>1.8 ×10−4 eV, m(g̃)=m(q̃)=1.5 TeV 1502.01518F 1/2 scale 865 GeV

g̃g̃, g̃→bb̄χ̃0
1 0 3 b Yes 36.1 m(χ̃0

1)<600 GeV ATLAS-CONF-2017-0211.92 TeVg̃

g̃g̃, g̃→ tt̄χ̃0
1 0-1 e,µ 3 b Yes 36.1 m(χ̃0

1)<200 GeV ATLAS-CONF-2017-0211.97 TeVg̃

g̃g̃, g̃→bt̄χ̃+1 0-1 e,µ 3 b Yes 20.1 m(χ̃0
1)<300 GeV 1407.0600g̃ 1.37 TeV

b̃1b̃1, b̃1→bχ̃0
1 0 2 b Yes 3.2 m(χ̃0

1)<100 GeV 1606.08772840 GeVb̃1

b̃1b̃1, b̃1→ tχ̃±1 2 e,µ (SS) 1 b Yes 13.2 m(χ̃0
1)<150 GeV, m(χ̃±1 )= m(χ̃0

1)+100 GeV ATLAS-CONF-2016-037325-685 GeVb̃1

t̃1t̃1, t̃1→bχ̃±1 0-2 e,µ 1-2 b Yes 4.7/13.3 m(χ̃±1 ) = 2m(χ̃0
1), m(χ̃0

1)=55 GeV 1209.2102, ATLAS-CONF-2016-077t̃1 117-170 GeV 200-720 GeVt̃1

t̃1t̃1, t̃1→Wbχ̃0
1 or tχ̃0

1 0-2 e,µ 0-2 jets/1-2 b Yes 20.3 m(χ̃0
1)=1 GeV 1506.08616, ATLAS-CONF-2017-020t̃1 90-198 GeVt̃1 205-950 GeV

t̃1 t̃1, t̃1→cχ̃0
1 0 mono-jet Yes 3.2 m(t̃1)-m(χ̃0

1)=5 GeV 1604.0777390-323 GeVt̃1

t̃1t̃1(natural GMSB) 2 e,µ (Z) 1 b Yes 20.3 m(χ̃0
1)>150 GeV 1403.5222t̃1 150-600 GeV

t̃2 t̃2, t̃2→ t̃1 +Z 3 e,µ (Z) 1 b Yes 36.1 m(χ̃0
1)=0 GeV ATLAS-CONF-2017-019290-790 GeVt̃2

t̃2t̃2, t̃2→ t̃1 +h 1-2 e,µ 4 b Yes 36.1 m(χ̃0
1)=0 GeV ATLAS-CONF-2017-019320-880 GeVt̃2

ℓ̃L,R ℓ̃L,R, ℓ̃→ℓχ̃0
1 2 e,µ 0 Yes 20.3 m(χ̃0

1)=0 GeV 1403.5294ℓ̃ 90-335 GeV
χ̃+1 χ̃

−
1 , χ̃+1→ℓ̃ν(ℓν̃) 2 e,µ 0 Yes 13.3 m(χ̃0

1)=0 GeV, m(ℓ̃, ν̃)=0.5(m(χ̃±1 )+m(χ̃0
1)) ATLAS-CONF-2016-096640 GeVχ̃±

1
χ̃+1 χ̃

−
1 , χ̃+1→τ̃ν(τν̃) 2 τ - Yes 14.8 m(χ̃0

1)=0 GeV, m(τ̃, ν̃)=0.5(m(χ̃±1 )+m(χ̃0
1 )) ATLAS-CONF-2016-093580 GeVχ̃±

1
χ̃±1 χ̃

0
2→ℓ̃Lνℓ̃Lℓ(ν̃ν),ℓν̃ℓ̃Lℓ(ν̃ν) 3 e,µ 0 Yes 13.3 m(χ̃±1 )=m(χ̃0

2), m(χ̃0
1)=0, m(ℓ̃, ν̃)=0.5(m(χ̃±1 )+m(χ̃0

1)) ATLAS-CONF-2016-0961.0 TeVχ̃±
1 , χ̃

0
2

χ̃±1 χ̃
0
2→Wχ̃0

1Zχ̃0
1 2-3 e,µ 0-2 jets Yes 20.3 m(χ̃±1 )=m(χ̃0

2), m(χ̃0
1)=0, ℓ̃ decoupled 1403.5294, 1402.7029χ̃±

1 , χ̃
0
2 425 GeV

χ̃±1 χ̃
0
2→Wχ̃0

1h χ̃0
1, h→bb̄/WW/ττ/γγ e,µ,γ 0-2 b Yes 20.3 m(χ̃±1 )=m(χ̃0

2), m(χ̃0
1)=0, ℓ̃ decoupled 1501.07110χ̃±

1 , χ̃
0
2 270 GeV

χ̃0
2χ̃

0
3, χ̃0

2,3 →ℓ̃Rℓ 4 e,µ 0 Yes 20.3 m(χ̃0
2)=m(χ̃0

3), m(χ̃0
1)=0, m(ℓ̃, ν̃)=0.5(m(χ̃0

2)+m(χ̃0
1)) 1405.5086χ̃0

2,3 635 GeV
GGM (wino NLSP) weak prod. 1 e,µ+ γ - Yes 20.3 cτ<1 mm 1507.05493W̃ 115-370 GeV
GGM (bino NLSP) weak prod. 2 γ - Yes 20.3 cτ<1 mm 1507.05493W̃ 590 GeV

Direct χ̃+1 χ̃
−
1 prod., long-lived χ̃±1 Disapp. trk 1 jet Yes 36.1 m(χ̃±1 )-m(χ̃0

1)∼160 MeV, τ(χ̃±1 )=0.2 ns ATLAS-CONF-2017-017430 GeVχ̃±
1

Direct χ̃+1 χ̃
−
1 prod., long-lived χ̃±1 dE/dx trk - Yes 18.4 m(χ̃±1 )-m(χ̃0

1)∼160 MeV, τ(χ̃±1 )<15 ns 1506.05332χ̃±
1 495 GeV

Stable, stopped g̃ R-hadron 0 1-5 jets Yes 27.9 m(χ̃0
1)=100 GeV, 10 µs<τ(g̃)<1000 s 1310.6584g̃ 850 GeV

Stable g̃ R-hadron trk - - 3.2 1606.051291.58 TeVg̃
Metastable g̃ R-hadron dE/dx trk - - 3.2 m(χ̃0

1)=100 GeV, τ>10 ns 1604.045201.57 TeVg̃

GMSB, stable τ̃, χ̃0
1→τ̃(ẽ,µ̃)+τ(e,µ) 1-2 µ - - 19.1 10<tanβ<50 1411.6795χ̃0

1 537 GeV
GMSB, χ̃0

1→γG̃, long-lived χ̃0
1 2 γ - Yes 20.3 1<τ(χ̃0

1)<3 ns, SPS8 model 1409.5542χ̃0
1 440 GeV

g̃g̃, χ̃0
1→eeν/eµν/µµν displ. ee/eµ/µµ - - 20.3 7 <cτ(χ̃0

1)<740 mm, m(g̃)=1.3 TeV 1504.05162χ̃0
1 1.0 TeV

GGM g̃g̃, χ̃0
1→ZG̃ displ. vtx + jets - - 20.3 6 <cτ(χ̃0

1)<480 mm, m(g̃)=1.1 TeV 1504.05162χ̃0
1 1.0 TeV

LFV pp→ν̃τ+X, ν̃τ→eµ/eτ/µτ eµ,eτ,µτ - - 3.2 λ′311=0.11, λ132/133/233=0.07 1607.080791.9 TeVν̃τ
Bilinear RPV CMSSM 2 e,µ (SS) 0-3 b Yes 20.3 m(q̃)=m(g̃), cτLSP<1 mm 1404.2500q̃, g̃ 1.45 TeV
χ̃+1 χ̃

−
1 , χ̃+1→Wχ̃0

1, χ̃
0
1→eeν,eµν,µµν 4 e,µ - Yes 13.3 m(χ̃0

1)>400GeV, λ12k, 0 (k =1,2) ATLAS-CONF-2016-0751.14 TeVχ̃±
1

χ̃+1 χ̃
−
1 , χ̃+1→Wχ̃0

1, χ̃
0
1→ττνe,eτντ 3 e,µ+ τ - Yes 20.3 m(χ̃0

1)>0.2×m(χ̃±1 ), λ133, 0 1405.5086χ̃±
1 450 GeV

g̃g̃, g̃→qqq 0 4-5 large-R jets - 14.8 BR(t)=BR(b)=BR(c)=0% ATLAS-CONF-2016-0571.08 TeVg̃

g̃g̃, g̃→qqχ̃0
1, χ̃0

1 → qqq 0 4-5 large-R jets - 14.8 m(χ̃0
1)=800 GeV ATLAS-CONF-2016-0571.55 TeVg̃

g̃g̃, g̃→ tt̄χ̃0
1, χ̃0

1 → qqq 1 e,µ 8-10 jets/0-4 b - 36.1 m(χ̃0
1)=1 TeV, λ112, 0 ATLAS-CONF-2017-0132.1 TeVg̃

g̃g̃, g̃→ t̃1t, t̃1→bs 1 e,µ 8-10 jets/0-4 b - 36.1 m(t̃1)=1 TeV, λ323, 0 ATLAS-CONF-2017-0131.65 TeVg̃
t̃1t̃1, t̃1→bs 0 2 jets + 2 b - 15.4 ATLAS-CONF-2016-022, ATLAS-CONF-2016-084410 GeVt̃1 450-510 GeVt̃1

t̃1t̃1, t̃1→bℓ 2 e,µ 2 b - 20.3 BR(t̃1→be/µ)>20% ATLAS-CONF-2015-015t̃1 0.4-1.0 TeV

Scalar charm, c̃→cχ̃0
1 0 2 c Yes 20.3 m(χ̃0

1)<200 GeV 1501.01325c̃ 510 GeV

Mass scale [TeV]10−1 1

√
s = 7, 8 TeV

√
s = 13 TeV

ATLAS SUSY Searches* - 95% CL Lower Limits
Status: March 2017

ATLAS Preliminary
√

s = 7, 8, 13 TeV

*Only a selection of the available mass limits on new states or
phenomena is shown. Many of the limits are based on
simplif ed models, c.f. refs. for the assumptions made.
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Motivation

ATLAS susy searches involving MET

Model e,µ,τ,γ Jets Emiss
T

R
L dt[fb−1] Mass limit Reference
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MSUGRA/CMSSM 0-3 e,µ/1-2 τ 2-10 jets/3 b Yes 20.3 m(q̃)=m(g̃) 1507.05525q̃, g̃ 1.85 TeV
q̃q̃, q̃→qχ̃0

1 0 2-6 jets Yes 36.1 m(χ̃0
1)<200 GeV, m(1st gen. q̃)=m(2nd gen. q̃) ATLAS-CONF-2017-0221.57 TeVq̃

q̃q̃, q̃→qχ̃0
1 (compressed) mono-jet 1-3 jets Yes 3.2 m(q̃)-m(χ̃0

1)<5 GeV 1604.07773608 GeVq̃

g̃g̃, g̃→qq̄χ̃0
1 0 2-6 jets Yes 36.1 m(χ̃0

1)<200 GeV ATLAS-CONF-2017-0222.02 TeVg̃

g̃g̃, g̃→qqχ̃±1→qqW±χ̃0
1 0 2-6 jets Yes 36.1 m(χ̃0

1)<200 GeV, m(χ̃±)=0.5(m(χ̃0
1)+m(g̃)) ATLAS-CONF-2017-0222.01 TeVg̃

g̃g̃, g̃→qq(ℓℓ/νν)χ̃0
1 3 e,µ 4 jets - 13.2 m(χ̃0

1)<400 GeV ATLAS-CONF-2016-0371.7 TeVg̃

g̃g̃, g̃→qqWZχ̃0
1 2 e,µ (SS) 0-3 jets Yes 13.2 m(χ̃0

1) <500 GeV ATLAS-CONF-2016-0371.6 TeVg̃

GMSB (ℓ̃ NLSP) 1-2 τ+ 0-1 ℓ 0-2 jets Yes 3.2 1607.059792.0 TeVg̃
GGM (bino NLSP) 2 γ - Yes 3.2 cτ(NLSP)<0.1 mm 1606.091501.65 TeVg̃
GGM (higgsino-bino NLSP) γ 1 b Yes 20.3 m(χ̃0

1)<950 GeV, cτ(NLSP)<0.1 mm, µ<0 1507.05493g̃ 1.37 TeV
GGM (higgsino-bino NLSP) γ 2 jets Yes 13.3 m(χ̃0

1)>680 GeV, cτ(NLSP)<0.1 mm, µ>0 ATLAS-CONF-2016-0661.8 TeVg̃
GGM (higgsino NLSP) 2 e,µ (Z) 2 jets Yes 20.3 m(NLSP)>430 GeV 1503.03290g̃ 900 GeV
Gravitino LSP 0 mono-jet Yes 20.3 m(G̃)>1.8 ×10−4 eV, m(g̃)=m(q̃)=1.5 TeV 1502.01518F 1/2 scale 865 GeV

g̃g̃, g̃→bb̄χ̃0
1 0 3 b Yes 36.1 m(χ̃0

1)<600 GeV ATLAS-CONF-2017-0211.92 TeVg̃

g̃g̃, g̃→ tt̄χ̃0
1 0-1 e,µ 3 b Yes 36.1 m(χ̃0

1)<200 GeV ATLAS-CONF-2017-0211.97 TeVg̃

g̃g̃, g̃→bt̄χ̃+1 0-1 e,µ 3 b Yes 20.1 m(χ̃0
1)<300 GeV 1407.0600g̃ 1.37 TeV

b̃1b̃1, b̃1→bχ̃0
1 0 2 b Yes 3.2 m(χ̃0

1)<100 GeV 1606.08772840 GeVb̃1

b̃1b̃1, b̃1→ tχ̃±1 2 e,µ (SS) 1 b Yes 13.2 m(χ̃0
1)<150 GeV, m(χ̃±1 )= m(χ̃0

1)+100 GeV ATLAS-CONF-2016-037325-685 GeVb̃1

t̃1t̃1, t̃1→bχ̃±1 0-2 e,µ 1-2 b Yes 4.7/13.3 m(χ̃±1 ) = 2m(χ̃0
1), m(χ̃0

1)=55 GeV 1209.2102, ATLAS-CONF-2016-077t̃1 117-170 GeV 200-720 GeVt̃1

t̃1t̃1, t̃1→Wbχ̃0
1 or tχ̃0

1 0-2 e,µ 0-2 jets/1-2 b Yes 20.3 m(χ̃0
1)=1 GeV 1506.08616, ATLAS-CONF-2017-020t̃1 90-198 GeVt̃1 205-950 GeV

t̃1 t̃1, t̃1→cχ̃0
1 0 mono-jet Yes 3.2 m(t̃1)-m(χ̃0

1)=5 GeV 1604.0777390-323 GeVt̃1

t̃1t̃1(natural GMSB) 2 e,µ (Z) 1 b Yes 20.3 m(χ̃0
1)>150 GeV 1403.5222t̃1 150-600 GeV

t̃2 t̃2, t̃2→ t̃1 +Z 3 e,µ (Z) 1 b Yes 36.1 m(χ̃0
1)=0 GeV ATLAS-CONF-2017-019290-790 GeVt̃2

t̃2t̃2, t̃2→ t̃1 +h 1-2 e,µ 4 b Yes 36.1 m(χ̃0
1)=0 GeV ATLAS-CONF-2017-019320-880 GeVt̃2

ℓ̃L,R ℓ̃L,R, ℓ̃→ℓχ̃0
1 2 e,µ 0 Yes 20.3 m(χ̃0

1)=0 GeV 1403.5294ℓ̃ 90-335 GeV
χ̃+1 χ̃

−
1 , χ̃+1→ℓ̃ν(ℓν̃) 2 e,µ 0 Yes 13.3 m(χ̃0

1)=0 GeV, m(ℓ̃, ν̃)=0.5(m(χ̃±1 )+m(χ̃0
1)) ATLAS-CONF-2016-096640 GeVχ̃±

1
χ̃+1 χ̃

−
1 , χ̃+1→τ̃ν(τν̃) 2 τ - Yes 14.8 m(χ̃0

1)=0 GeV, m(τ̃, ν̃)=0.5(m(χ̃±1 )+m(χ̃0
1 )) ATLAS-CONF-2016-093580 GeVχ̃±

1
χ̃±1 χ̃

0
2→ℓ̃Lνℓ̃Lℓ(ν̃ν),ℓν̃ℓ̃Lℓ(ν̃ν) 3 e,µ 0 Yes 13.3 m(χ̃±1 )=m(χ̃0

2), m(χ̃0
1)=0, m(ℓ̃, ν̃)=0.5(m(χ̃±1 )+m(χ̃0

1)) ATLAS-CONF-2016-0961.0 TeVχ̃±
1 , χ̃

0
2

χ̃±1 χ̃
0
2→Wχ̃0

1Zχ̃0
1 2-3 e,µ 0-2 jets Yes 20.3 m(χ̃±1 )=m(χ̃0

2), m(χ̃0
1)=0, ℓ̃ decoupled 1403.5294, 1402.7029χ̃±

1 , χ̃
0
2 425 GeV

χ̃±1 χ̃
0
2→Wχ̃0

1h χ̃0
1, h→bb̄/WW/ττ/γγ e,µ,γ 0-2 b Yes 20.3 m(χ̃±1 )=m(χ̃0

2), m(χ̃0
1)=0, ℓ̃ decoupled 1501.07110χ̃±

1 , χ̃
0
2 270 GeV

χ̃0
2χ̃

0
3, χ̃0

2,3 →ℓ̃Rℓ 4 e,µ 0 Yes 20.3 m(χ̃0
2)=m(χ̃0

3), m(χ̃0
1)=0, m(ℓ̃, ν̃)=0.5(m(χ̃0

2)+m(χ̃0
1)) 1405.5086χ̃0

2,3 635 GeV
GGM (wino NLSP) weak prod. 1 e,µ+ γ - Yes 20.3 cτ<1 mm 1507.05493W̃ 115-370 GeV
GGM (bino NLSP) weak prod. 2 γ - Yes 20.3 cτ<1 mm 1507.05493W̃ 590 GeV

Direct χ̃+1 χ̃
−
1 prod., long-lived χ̃±1 Disapp. trk 1 jet Yes 36.1 m(χ̃±1 )-m(χ̃0

1)∼160 MeV, τ(χ̃±1 )=0.2 ns ATLAS-CONF-2017-017430 GeVχ̃±
1

Direct χ̃+1 χ̃
−
1 prod., long-lived χ̃±1 dE/dx trk - Yes 18.4 m(χ̃±1 )-m(χ̃0

1)∼160 MeV, τ(χ̃±1 )<15 ns 1506.05332χ̃±
1 495 GeV

Stable, stopped g̃ R-hadron 0 1-5 jets Yes 27.9 m(χ̃0
1)=100 GeV, 10 µs<τ(g̃)<1000 s 1310.6584g̃ 850 GeV

Stable g̃ R-hadron trk - - 3.2 1606.051291.58 TeVg̃
Metastable g̃ R-hadron dE/dx trk - - 3.2 m(χ̃0

1)=100 GeV, τ>10 ns 1604.045201.57 TeVg̃

GMSB, stable τ̃, χ̃0
1→τ̃(ẽ,µ̃)+τ(e,µ) 1-2 µ - - 19.1 10<tanβ<50 1411.6795χ̃0

1 537 GeV
GMSB, χ̃0

1→γG̃, long-lived χ̃0
1 2 γ - Yes 20.3 1<τ(χ̃0

1)<3 ns, SPS8 model 1409.5542χ̃0
1 440 GeV

g̃g̃, χ̃0
1→eeν/eµν/µµν displ. ee/eµ/µµ - - 20.3 7 <cτ(χ̃0

1)<740 mm, m(g̃)=1.3 TeV 1504.05162χ̃0
1 1.0 TeV

GGM g̃g̃, χ̃0
1→ZG̃ displ. vtx + jets - - 20.3 6 <cτ(χ̃0

1)<480 mm, m(g̃)=1.1 TeV 1504.05162χ̃0
1 1.0 TeV

LFV pp→ν̃τ+X, ν̃τ→eµ/eτ/µτ eµ,eτ,µτ - - 3.2 λ′311=0.11, λ132/133/233=0.07 1607.080791.9 TeVν̃τ
Bilinear RPV CMSSM 2 e,µ (SS) 0-3 b Yes 20.3 m(q̃)=m(g̃), cτLSP<1 mm 1404.2500q̃, g̃ 1.45 TeV
χ̃+1 χ̃

−
1 , χ̃+1→Wχ̃0

1, χ̃
0
1→eeν,eµν,µµν 4 e,µ - Yes 13.3 m(χ̃0

1)>400GeV, λ12k, 0 (k =1,2) ATLAS-CONF-2016-0751.14 TeVχ̃±
1

χ̃+1 χ̃
−
1 , χ̃+1→Wχ̃0

1, χ̃
0
1→ττνe,eτντ 3 e,µ+ τ - Yes 20.3 m(χ̃0

1)>0.2×m(χ̃±1 ), λ133, 0 1405.5086χ̃±
1 450 GeV

g̃g̃, g̃→qqq 0 4-5 large-R jets - 14.8 BR(t)=BR(b)=BR(c)=0% ATLAS-CONF-2016-0571.08 TeVg̃

g̃g̃, g̃→qqχ̃0
1, χ̃0

1 → qqq 0 4-5 large-R jets - 14.8 m(χ̃0
1)=800 GeV ATLAS-CONF-2016-0571.55 TeVg̃

g̃g̃, g̃→ tt̄χ̃0
1, χ̃0

1 → qqq 1 e,µ 8-10 jets/0-4 b - 36.1 m(χ̃0
1)=1 TeV, λ112, 0 ATLAS-CONF-2017-0132.1 TeVg̃

g̃g̃, g̃→ t̃1t, t̃1→bs 1 e,µ 8-10 jets/0-4 b - 36.1 m(t̃1)=1 TeV, λ323, 0 ATLAS-CONF-2017-0131.65 TeVg̃
t̃1t̃1, t̃1→bs 0 2 jets + 2 b - 15.4 ATLAS-CONF-2016-022, ATLAS-CONF-2016-084410 GeVt̃1 450-510 GeVt̃1

t̃1t̃1, t̃1→bℓ 2 e,µ 2 b - 20.3 BR(t̃1→be/µ)>20% ATLAS-CONF-2015-015t̃1 0.4-1.0 TeV

Scalar charm, c̃→cχ̃0
1 0 2 c Yes 20.3 m(χ̃0

1)<200 GeV 1501.01325c̃ 510 GeV

Mass scale [TeV]10−1 1

√
s = 7, 8 TeV

√
s = 13 TeV

ATLAS SUSY Searches* - 95% CL Lower Limits
Status: March 2017

ATLAS Preliminary
√

s = 7, 8, 13 TeV

*Only a selection of the available mass limits on new states or
phenomena is shown. Many of the limits are based on
simplif ed models, c.f. refs. for the assumptions made.
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U(1)R baryon number

Thinking beyond the MSSM: R-symmetries

Instead of a discrete Z2 symmetry, consider a global U(1)R symmetry.

θ → e iαθ, θ† → e−iαθ†

Chiral superfield Φ with R-charge rΦ transforms as Φ→ e irΦαΦ. Then

φ→ e irΦαφ, χ→ e i(rΦ−1)αχ, F → e i(rΦ−2)αF

Vector superfields are real V † = V and so have zero R-charge, V → V .

gauginos have R-charge 1, λ→ e iαλ

Minimal R-symmetric Supersymmeric Standard Model (MRSSM)
Kribs, Poppitz, Weiner ‘07

Different R-charge assignments are possible.
Frugiuele, Grégoire, Kumar, Pontón ‘12
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U(1)R baryon number

Consequences of R-symmetries

Two consequences of R-symmetries:

 gauginos are now required to be Dirac fermions

• in the MSSM gauginos are Majorana fermions
• however, Majorana mass terms are forbidden

 µ-term in the superpotential is forbidden by the R-symmetry

We must introduce additional fields.
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U(1)R baryon number

U(1)R baryon number 1

Superfield R-charge Superfield R-charge

Q 4/3

Uc 2/3

Dc 2/3

L 1

E c 1

Hu 0 Rd 2

Hd 0 Ru 2

B 0 S 0

W i 0 T i 0

G a 0 Oa 0

12



U(1)R baryon number

U(1)R baryon number 2

This R-charge assignment is refered to as U(1)R baryon number because
R-charges of SM particles corresponds to their baryon number.

New superpotential:

W = yuQHuU
c − ydQHdD

c − yeLHdE
c + µuHuRd + µdRuHd

+λtuHuTRd + λtdRuTHd + λsuSHuRd + λsdSRuHd +
1

2
λ′′ijkU

c
i D

c
j D

c
k

phenomenologically interesting, but take only
λ′′312, λ

′′
313, λ

′′
323 non-zero to avoid flavour issues
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Phenomenology

Stop phenomenology: stop LSP 1

Stops both resonantly produced, pp → t̃∗, and pair produced pp → t̃ t̃∗.

13 TeV →

Stops can decay back to quarks, t̃∗ → didj .

14



Phenomenology

Stop phenomenology: stop LSP 2

Signals:

 dijets: pp → t̃∗ → didj
 paired dijets: pp → t̃∗t̃ → didj d̄i d̄j

similar to Monteux ‘16
15



Phenomenology

Stop phenomenology: neutralino LSP 1

Consider a Higgsino-up LSP. The stop can now decay three different ways:

t̃∗ → didj , t̃∗ → t̄χ0, t̃∗ → b̄χ−.

600 GeV stop and
200 GeV neutralino →

16



Phenomenology

Stop phenomenology: neutralino LSP 2

Stops decaying through charginos:
t̃∗

b̄

χ−

b

t̃∗

s

b

Stops decaying through Dirac neutralinos:
t̃∗

t̄

χ0,D

t

t̃∗

s

b

Stops decaying through Majorana neutralinos:

t̃∗

t̄

χ
0,M
1,2

t

t̃∗

s

b

t̃∗

t̄

χ
0,M
1,2

t̄

t̃

s̄

b̄
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Phenomenology

Stop phenomenology: neutralino LSP 3

Unavoidable U(1)R breaking generates Majorana gauginos masses.

How large does the breaking need to be so that same sign and opposite
sign tops are produced equally from stop decays?
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Phenomenology

Stop phenomenology: neutralino LSP 4

Two production mechanisms:

 pp → t̃∗

 pp → t̃∗t̃

Three decay possibilities:

 t̃∗ → didj

 t̃∗ → t̄χ0

 t̃∗ → b̄χ−

Nine possible decay topologies. Can use LHC searches to constrain the
parameter space.

Also possible to use displaced vertices from neutralino decays to constrain
the parameter space.

19



Phenomenology

Stop phenomenology: neutralino LSP 5

200 GeV Dirac neutralinos:
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Phenomenology

Stop phenomenology: neutralino LSP 6

200 GeV Majorana neutralinos:

similar to Monteux ‘16
21



Conclusion

Conclusion

To summarize:

 lack of signals continues to push MSSM superparnter masses upwards

 this suggests thinking beyond the MSSM

 U(1)R baryon number is an example of an extended supersymmetry
model

 the parameter space of this model is also constrained by recent LHC
SUSY searches
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