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Is there a relation between...?

← this
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and this →

Model Signature
�
L dt [fb−1] Mass limit Reference
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q̃q̃, q̃→qχ̃0
1 0 e, µ 2-6 jets Emiss

T 139 m(χ̃0
1)<400 GeV 2010.142931.85q̃ [1×, 8× Degen.] 1.0q̃ [1×, 8× Degen.]

mono-jet 1-3 jets Emiss
T 36.1 m(q̃)-m(χ̃0

1)=5 GeV 2102.108740.9q̃ [8× Degen.]

g̃g̃, g̃→qq̄χ̃0
1 0 e, µ 2-6 jets Emiss

T 139 m(χ̃0
1)=0 GeV 2010.142932.3g̃

m(χ̃0
1)=1000 GeV 2010.142931.15-1.95g̃̃g Forbidden

g̃g̃, g̃→qq̄Wχ̃0
1 1 e, µ 2-6 jets 139 m(χ̃0

1)<600 GeV 2101.016292.2g̃

g̃g̃, g̃→qq̄(ℓℓ)χ̃0
1

ee, µµ 2 jets Emiss
T 36.1 m(g̃)-m(χ̃0

1 )=50 GeV 1805.113811.2g̃

g̃g̃, g̃→qqWZχ̃0
1 0 e, µ 7-11 jets Emiss

T 139 m(χ̃0
1) <600 GeV 2008.060321.97g̃

SS e, µ 6 jets 139 m(g̃)-m(χ̃0
1)=200 GeV 1909.084571.15g̃

g̃g̃, g̃→tt̄χ̃0
1 0-1 e, µ 3 b Emiss

T 79.8 m(χ̃0
1)<200 GeV ATLAS-CONF-2018-0412.25g̃

SS e, µ 6 jets 139 m(g̃)-m(χ̃0
1)=300 GeV 1909.084571.25g̃

b̃1b̃1 0 e, µ 2 b Emiss
T 139 m(χ̃0

1)<400 GeV 2101.125271.255b̃1
10 GeV<Δm(b̃1,χ̃0

1)<20 GeV 2101.125270.68b̃1

b̃1b̃1, b̃1→bχ̃0
2 → bhχ̃0

1 0 e, µ 6 b Emiss
T 139 Δm(χ̃0

2 , χ̃
0
1)=130 GeV, m(χ̃0

1)=100 GeV 1908.031220.23-1.35b̃1b̃1 Forbidden
2 τ 2 b Emiss

T 139 Δm(χ̃0
2 , χ̃

0
1)=130 GeV, m(χ̃0

1)=0 GeV ATLAS-CONF-2020-0310.13-0.85b̃1b̃1

t̃1 t̃1, t̃1→tχ̃0
1 0-1 e, µ ≥ 1 jet Emiss

T 139 m(χ̃0
1)=1 GeV 2004.14060,2012.037991.25t̃1

t̃1 t̃1, t̃1→Wbχ̃0
1 1 e, µ 3 jets/1 b Emiss

T 139 m(χ̃0
1)=500 GeV 2012.037990.65t̃1t̃1 Forbidden

t̃1 t̃1, t̃1→τ̃1bν, τ̃1→τG̃ 1-2 τ 2 jets/1 b Emiss
T 139 m(τ̃1)=800 GeV ATLAS-CONF-2021-0081.4t̃1t̃1 Forbidden

t̃1 t̃1, t̃1→cχ̃0
1 / c̃c̃, c̃→cχ̃0

1 0 e, µ 2 c Emiss
T 36.1 m(χ̃0

1)=0 GeV 1805.016490.85c̃
0 e, µ mono-jet Emiss

T 139 m(t̃1,c̃)-m(χ̃0
1)=5 GeV 2102.108740.55t̃1

t̃1 t̃1, t̃1→tχ̃0
2, χ̃0

2→Z/hχ̃0
1 1-2 e, µ 1-4 b Emiss

T 139 m(χ̃0
2)=500 GeV 2006.058800.067-1.18t̃1

t̃2 t̃2, t̃2→t̃1 + Z 3 e, µ 1 b Emiss
T 139 m(χ̃0

1)=360 GeV, m(t̃1)-m(χ̃0
1)= 40 GeV 2006.058800.86t̃2t̃2 Forbidden

χ̃±1 χ̃
0
2 via WZ Multiple ℓ/jets Emiss

T 139 m(χ̃0
1)=0, wino-bino 2106.01676, ATLAS-CONF-2021-0220.96χ̃±

1 /χ̃
0
2ee, µµ ≥ 1 jet Emiss

T 139 m(χ̃±1 )-m(χ̃0
1 )=5 GeV, wino-bino 1911.126060.205χ̃±

1 /χ̃
0
2

χ̃±1 χ̃
∓
1 via WW 2 e, µ Emiss

T 139 m(χ̃0
1)=0, wino-bino 1908.082150.42χ̃±

1

χ̃±1 χ̃
0
2 via Wh Multiple ℓ/jets Emiss

T 139 m(χ̃0
1)=70 GeV, wino-bino 2004.10894, ATLAS-CONF-2021-0221.06χ̃±

1 /χ̃
0
2

χ̃±
1 /χ̃

0
2 Forbidden

χ̃±1 χ̃
∓
1 via ℓ̃L/ν̃ 2 e, µ Emiss

T 139 m(ℓ̃,ν̃)=0.5(m(χ̃±1 )+m(χ̃0
1)) 1908.082151.0χ̃±

1

τ̃τ̃, τ̃→τχ̃0
1 2 τ Emiss

T 139 m(χ̃0
1)=0 1911.066600.12-0.39τ̃ [τ̃L, τ̃R,L] 0.16-0.3τ̃ [τ̃L, τ̃R,L]

ℓ̃L,R ℓ̃L,R, ℓ̃→ℓχ̃0
1 2 e, µ 0 jets Emiss

T 139 m(χ̃0
1)=0 1908.082150.7ℓ̃

ee, µµ ≥ 1 jet Emiss
T 139 m(ℓ̃)-m(χ̃0

1)=10 GeV 1911.126060.256ℓ̃

H̃H̃, H̃→hG̃/ZG̃ 0 e, µ ≥ 3 b Emiss
T 36.1 BR(χ̃0

1 → hG̃)=1 1806.040300.29-0.88H̃ 0.13-0.23H̃
4 e, µ 0 jets Emiss

T 139 BR(χ̃0
1 → ZG̃)=1 2103.116840.55H̃

0 e, µ ≥ 2 large jets Emiss
T 139 BR(χ̃0

1 → ZG̃)=1 ATLAS-CONF-2021-0220.45-0.93H̃

Direct χ̃+1 χ̃
−
1 prod., long-lived χ̃±1 Disapp. trk 1 jet Emiss

T 139 Pure Wino ATLAS-CONF-2021-0150.66χ̃±
1

Pure higgsino ATLAS-CONF-2021-0150.21χ̃±
1

Stable g̃ R-hadron Multiple 36.1 1902.01636,1808.040952.0g̃

Metastable g̃ R-hadron, g̃→qqχ̃0
1 Multiple 36.1 m(χ̃0

1)=100 GeV 1710.04901,1808.040952.4g̃ [τ( g̃) =10 ns, 0.2 ns] 2.05g̃ [τ( g̃) =10 ns, 0.2 ns]

ℓ̃ℓ̃, ℓ̃→ℓG̃ Displ. lep Emiss
T 139 τ(ℓ̃) = 0.1 ns 2011.078120.7ẽ, µ̃

τ(ℓ̃) = 0.1 ns 2011.078120.34τ̃

χ̃±1 χ̃
∓
1 /χ̃

0
1 , χ̃±1→Zℓ→ℓℓℓ 3 e, µ 139 Pure Wino 2011.105431.05χ̃∓

1 /χ̃
0
1 [BR(Zτ)=1, BR(Ze)=1] 0.625χ̃∓

1 /χ̃
0
1 [BR(Zτ)=1, BR(Ze)=1]

χ̃±1 χ̃
∓
1 /χ̃

0
2 → WW/Zℓℓℓℓνν 4 e, µ 0 jets Emiss

T 139 m(χ̃0
1)=200 GeV 2103.116841.55χ̃±

1 /χ̃
0
2 [λi33 � 0, λ12k � 0] 0.95χ̃±

1 /χ̃
0
2 [λi33 � 0, λ12k � 0]

g̃g̃, g̃→qqχ̃0
1, χ̃0

1 → qqq 4-5 large jets 36.1 Large λ′′112 1804.035681.9g̃ [m(χ̃0
1)=200 GeV, 1100 GeV] 1.3g̃ [m(χ̃0
1)=200 GeV, 1100 GeV]

t̃t̃, t̃→tχ̃0
1, χ̃0

1 → tbs Multiple 36.1 m(χ̃0
1)=200 GeV, bino-like ATLAS-CONF-2018-0031.05t̃ [λ′′

323
=2e-4, 1e-2] 0.55t̃ [λ′′

323
=2e-4, 1e-2]

t̃t̃, t̃→bχ̃±1 , χ̃±1 → bbs ≥ 4b 139 m(χ̃±1 )=500 GeV 2010.010150.95t̃̃t Forbidden
t̃1 t̃1, t̃1→bs 2 jets + 2 b 36.7 1710.071710.61t̃1 [qq, bs] 0.42t̃1 [qq, bs]

t̃1 t̃1, t̃1→qℓ 2 e, µ 2 b 36.1 BR(t̃1→be/bµ)>20% 1710.055440.4-1.45t̃1
1 µ DV 136 BR(t̃1→qµ)=100%, cosθt=1 2003.119561.6t̃1 [1e-10< λ′

23k
<1e-8, 3e-10< λ′

23k
<3e-9] 1.0t̃1 [1e-10< λ′

23k
<1e-8, 3e-10< λ′

23k
<3e-9]

χ̃±1 /χ̃
0
2/χ̃

0
1, χ̃0

1,2→tbs, χ̃+1→bbs 1-2 e, µ ≥6 jets 139 Pure higgsino ATLAS-CONF-2021-0070.2-0.32χ̃0
1

Mass scale [TeV]10−1 1

ATLAS SUSY Searches* - 95% CL Lower Limits
June 2021

ATLAS Preliminary√
s = 13 TeV

*Only a selection of the available mass limits on new states or
phenomena is shown. Many of the limits are based on
simplified models, c.f. refs. for the assumptions made.
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q̃q̃, q̃→qχ̃0
1 0 e, µ 2-6 jets Emiss

T 139 m(χ̃0
1)<400 GeV 2010.142931.85q̃ [1×, 8× Degen.] 1.0q̃ [1×, 8× Degen.]

mono-jet 1-3 jets Emiss
T 36.1 m(q̃)-m(χ̃0

1)=5 GeV 2102.108740.9q̃ [8× Degen.]

g̃g̃, g̃→qq̄χ̃0
1 0 e, µ 2-6 jets Emiss

T 139 m(χ̃0
1)=0 GeV 2010.142932.3g̃

m(χ̃0
1)=1000 GeV 2010.142931.15-1.95g̃̃g Forbidden

g̃g̃, g̃→qq̄Wχ̃0
1 1 e, µ 2-6 jets 139 m(χ̃0

1)<600 GeV 2101.016292.2g̃

g̃g̃, g̃→qq̄(ℓℓ)χ̃0
1

ee, µµ 2 jets Emiss
T 36.1 m(g̃)-m(χ̃0

1 )=50 GeV 1805.113811.2g̃

g̃g̃, g̃→qqWZχ̃0
1 0 e, µ 7-11 jets Emiss

T 139 m(χ̃0
1) <600 GeV 2008.060321.97g̃

SS e, µ 6 jets 139 m(g̃)-m(χ̃0
1)=200 GeV 1909.084571.15g̃

g̃g̃, g̃→tt̄χ̃0
1 0-1 e, µ 3 b Emiss

T 79.8 m(χ̃0
1)<200 GeV ATLAS-CONF-2018-0412.25g̃

SS e, µ 6 jets 139 m(g̃)-m(χ̃0
1)=300 GeV 1909.084571.25g̃

b̃1b̃1 0 e, µ 2 b Emiss
T 139 m(χ̃0

1)<400 GeV 2101.125271.255b̃1
10 GeV<Δm(b̃1,χ̃0

1)<20 GeV 2101.125270.68b̃1

b̃1b̃1, b̃1→bχ̃0
2 → bhχ̃0

1 0 e, µ 6 b Emiss
T 139 Δm(χ̃0

2 , χ̃
0
1)=130 GeV, m(χ̃0

1)=100 GeV 1908.031220.23-1.35b̃1b̃1 Forbidden
2 τ 2 b Emiss

T 139 Δm(χ̃0
2 , χ̃

0
1)=130 GeV, m(χ̃0

1)=0 GeV ATLAS-CONF-2020-0310.13-0.85b̃1b̃1

t̃1 t̃1, t̃1→tχ̃0
1 0-1 e, µ ≥ 1 jet Emiss

T 139 m(χ̃0
1)=1 GeV 2004.14060,2012.037991.25t̃1

t̃1 t̃1, t̃1→Wbχ̃0
1 1 e, µ 3 jets/1 b Emiss

T 139 m(χ̃0
1)=500 GeV 2012.037990.65t̃1t̃1 Forbidden

t̃1 t̃1, t̃1→τ̃1bν, τ̃1→τG̃ 1-2 τ 2 jets/1 b Emiss
T 139 m(τ̃1)=800 GeV ATLAS-CONF-2021-0081.4t̃1t̃1 Forbidden

t̃1 t̃1, t̃1→cχ̃0
1 / c̃c̃, c̃→cχ̃0

1 0 e, µ 2 c Emiss
T 36.1 m(χ̃0

1)=0 GeV 1805.016490.85c̃
0 e, µ mono-jet Emiss

T 139 m(t̃1,c̃)-m(χ̃0
1)=5 GeV 2102.108740.55t̃1

t̃1 t̃1, t̃1→tχ̃0
2, χ̃0

2→Z/hχ̃0
1 1-2 e, µ 1-4 b Emiss

T 139 m(χ̃0
2)=500 GeV 2006.058800.067-1.18t̃1

t̃2 t̃2, t̃2→t̃1 + Z 3 e, µ 1 b Emiss
T 139 m(χ̃0

1)=360 GeV, m(t̃1)-m(χ̃0
1)= 40 GeV 2006.058800.86t̃2t̃2 Forbidden

χ̃±1 χ̃
0
2 via WZ Multiple ℓ/jets Emiss

T 139 m(χ̃0
1)=0, wino-bino 2106.01676, ATLAS-CONF-2021-0220.96χ̃±

1 /χ̃
0
2ee, µµ ≥ 1 jet Emiss

T 139 m(χ̃±1 )-m(χ̃0
1 )=5 GeV, wino-bino 1911.126060.205χ̃±

1 /χ̃
0
2

χ̃±1 χ̃
∓
1 via WW 2 e, µ Emiss

T 139 m(χ̃0
1)=0, wino-bino 1908.082150.42χ̃±

1

χ̃±1 χ̃
0
2 via Wh Multiple ℓ/jets Emiss

T 139 m(χ̃0
1)=70 GeV, wino-bino 2004.10894, ATLAS-CONF-2021-0221.06χ̃±

1 /χ̃
0
2

χ̃±
1 /χ̃

0
2 Forbidden

χ̃±1 χ̃
∓
1 via ℓ̃L/ν̃ 2 e, µ Emiss

T 139 m(ℓ̃,ν̃)=0.5(m(χ̃±1 )+m(χ̃0
1)) 1908.082151.0χ̃±

1

τ̃τ̃, τ̃→τχ̃0
1 2 τ Emiss

T 139 m(χ̃0
1)=0 1911.066600.12-0.39τ̃ [τ̃L, τ̃R,L] 0.16-0.3τ̃ [τ̃L, τ̃R,L]

ℓ̃L,R ℓ̃L,R, ℓ̃→ℓχ̃0
1 2 e, µ 0 jets Emiss

T 139 m(χ̃0
1)=0 1908.082150.7ℓ̃

ee, µµ ≥ 1 jet Emiss
T 139 m(ℓ̃)-m(χ̃0

1)=10 GeV 1911.126060.256ℓ̃

H̃H̃, H̃→hG̃/ZG̃ 0 e, µ ≥ 3 b Emiss
T 36.1 BR(χ̃0

1 → hG̃)=1 1806.040300.29-0.88H̃ 0.13-0.23H̃
4 e, µ 0 jets Emiss

T 139 BR(χ̃0
1 → ZG̃)=1 2103.116840.55H̃

0 e, µ ≥ 2 large jets Emiss
T 139 BR(χ̃0

1 → ZG̃)=1 ATLAS-CONF-2021-0220.45-0.93H̃

Direct χ̃+1 χ̃
−
1 prod., long-lived χ̃±1 Disapp. trk 1 jet Emiss

T 139 Pure Wino ATLAS-CONF-2021-0150.66χ̃±
1

Pure higgsino ATLAS-CONF-2021-0150.21χ̃±
1

Stable g̃ R-hadron Multiple 36.1 1902.01636,1808.040952.0g̃

Metastable g̃ R-hadron, g̃→qqχ̃0
1 Multiple 36.1 m(χ̃0

1)=100 GeV 1710.04901,1808.040952.4g̃ [τ( g̃) =10 ns, 0.2 ns] 2.05g̃ [τ( g̃) =10 ns, 0.2 ns]

ℓ̃ℓ̃, ℓ̃→ℓG̃ Displ. lep Emiss
T 139 τ(ℓ̃) = 0.1 ns 2011.078120.7ẽ, µ̃

τ(ℓ̃) = 0.1 ns 2011.078120.34τ̃

χ̃±1 χ̃
∓
1 /χ̃

0
1 , χ̃±1→Zℓ→ℓℓℓ 3 e, µ 139 Pure Wino 2011.105431.05χ̃∓

1 /χ̃
0
1 [BR(Zτ)=1, BR(Ze)=1] 0.625χ̃∓

1 /χ̃
0
1 [BR(Zτ)=1, BR(Ze)=1]

χ̃±1 χ̃
∓
1 /χ̃

0
2 → WW/Zℓℓℓℓνν 4 e, µ 0 jets Emiss

T 139 m(χ̃0
1)=200 GeV 2103.116841.55χ̃±

1 /χ̃
0
2 [λi33 � 0, λ12k � 0] 0.95χ̃±

1 /χ̃
0
2 [λi33 � 0, λ12k � 0]

g̃g̃, g̃→qqχ̃0
1, χ̃0

1 → qqq 4-5 large jets 36.1 Large λ′′112 1804.035681.9g̃ [m(χ̃0
1)=200 GeV, 1100 GeV] 1.3g̃ [m(χ̃0
1)=200 GeV, 1100 GeV]

t̃t̃, t̃→tχ̃0
1, χ̃0

1 → tbs Multiple 36.1 m(χ̃0
1)=200 GeV, bino-like ATLAS-CONF-2018-0031.05t̃ [λ′′

323
=2e-4, 1e-2] 0.55t̃ [λ′′

323
=2e-4, 1e-2]

t̃t̃, t̃→bχ̃±1 , χ̃±1 → bbs ≥ 4b 139 m(χ̃±1 )=500 GeV 2010.010150.95t̃̃t Forbidden
t̃1 t̃1, t̃1→bs 2 jets + 2 b 36.7 1710.071710.61t̃1 [qq, bs] 0.42t̃1 [qq, bs]

t̃1 t̃1, t̃1→qℓ 2 e, µ 2 b 36.1 BR(t̃1→be/bµ)>20% 1710.055440.4-1.45t̃1
1 µ DV 136 BR(t̃1→qµ)=100%, cosθt=1 2003.119561.6t̃1 [1e-10< λ′

23k
<1e-8, 3e-10< λ′

23k
<3e-9] 1.0t̃1 [1e-10< λ′

23k
<1e-8, 3e-10< λ′

23k
<3e-9]

χ̃±1 /χ̃
0
2/χ̃

0
1, χ̃0

1,2→tbs, χ̃+1→bbs 1-2 e, µ ≥6 jets 139 Pure higgsino ATLAS-CONF-2021-0070.2-0.32χ̃0
1

Mass scale [TeV]10−1 1

ATLAS SUSY Searches* - 95% CL Lower Limits
June 2021

ATLAS Preliminary√
s = 13 TeV

*Only a selection of the available mass limits on new states or
phenomena is shown. Many of the limits are based on
simplified models, c.f. refs. for the assumptions made.
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q̃q̃, q̃→qχ̃0
1 0 e, µ 2-6 jets Emiss

T 139 m(χ̃0
1)<400 GeV 2010.142931.85q̃ [1×, 8× Degen.] 1.0q̃ [1×, 8× Degen.]

mono-jet 1-3 jets Emiss
T 36.1 m(q̃)-m(χ̃0

1)=5 GeV 2102.108740.9q̃ [8× Degen.]

g̃g̃, g̃→qq̄χ̃0
1 0 e, µ 2-6 jets Emiss

T 139 m(χ̃0
1)=0 GeV 2010.142932.3g̃

m(χ̃0
1)=1000 GeV 2010.142931.15-1.95g̃̃g Forbidden

g̃g̃, g̃→qq̄Wχ̃0
1 1 e, µ 2-6 jets 139 m(χ̃0

1)<600 GeV 2101.016292.2g̃

g̃g̃, g̃→qq̄(ℓℓ)χ̃0
1

ee, µµ 2 jets Emiss
T 36.1 m(g̃)-m(χ̃0

1 )=50 GeV 1805.113811.2g̃

g̃g̃, g̃→qqWZχ̃0
1 0 e, µ 7-11 jets Emiss

T 139 m(χ̃0
1) <600 GeV 2008.060321.97g̃

SS e, µ 6 jets 139 m(g̃)-m(χ̃0
1)=200 GeV 1909.084571.15g̃

g̃g̃, g̃→tt̄χ̃0
1 0-1 e, µ 3 b Emiss

T 79.8 m(χ̃0
1)<200 GeV ATLAS-CONF-2018-0412.25g̃

SS e, µ 6 jets 139 m(g̃)-m(χ̃0
1)=300 GeV 1909.084571.25g̃

b̃1b̃1 0 e, µ 2 b Emiss
T 139 m(χ̃0

1)<400 GeV 2101.125271.255b̃1
10 GeV<Δm(b̃1,χ̃0

1)<20 GeV 2101.125270.68b̃1

b̃1b̃1, b̃1→bχ̃0
2 → bhχ̃0

1 0 e, µ 6 b Emiss
T 139 Δm(χ̃0

2 , χ̃
0
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τ(ℓ̃) = 0.1 ns 2011.078120.34τ̃

χ̃±1 χ̃
∓
1 /χ̃

0
1 , χ̃±1→Zℓ→ℓℓℓ 3 e, µ 139 Pure Wino 2011.105431.05χ̃∓

1 /χ̃
0
1 [BR(Zτ)=1, BR(Ze)=1] 0.625χ̃∓

1 /χ̃
0
1 [BR(Zτ)=1, BR(Ze)=1]

χ̃±1 χ̃
∓
1 /χ̃

0
2 → WW/Zℓℓℓℓνν 4 e, µ 0 jets Emiss

T 139 m(χ̃0
1)=200 GeV 2103.116841.55χ̃±

1 /χ̃
0
2 [λi33 � 0, λ12k � 0] 0.95χ̃±

1 /χ̃
0
2 [λi33 � 0, λ12k � 0]

g̃g̃, g̃→qqχ̃0
1, χ̃0

1 → qqq 4-5 large jets 36.1 Large λ′′112 1804.035681.9g̃ [m(χ̃0
1)=200 GeV, 1100 GeV] 1.3g̃ [m(χ̃0
1)=200 GeV, 1100 GeV]

t̃t̃, t̃→tχ̃0
1, χ̃0

1 → tbs Multiple 36.1 m(χ̃0
1)=200 GeV, bino-like ATLAS-CONF-2018-0031.05t̃ [λ′′

323
=2e-4, 1e-2] 0.55t̃ [λ′′

323
=2e-4, 1e-2]

t̃t̃, t̃→bχ̃±1 , χ̃±1 → bbs ≥ 4b 139 m(χ̃±1 )=500 GeV 2010.010150.95t̃̃t Forbidden
t̃1 t̃1, t̃1→bs 2 jets + 2 b 36.7 1710.071710.61t̃1 [qq, bs] 0.42t̃1 [qq, bs]

t̃1 t̃1, t̃1→qℓ 2 e, µ 2 b 36.1 BR(t̃1→be/bµ)>20% 1710.055440.4-1.45t̃1
1 µ DV 136 BR(t̃1→qµ)=100%, cosθt=1 2003.119561.6t̃1 [1e-10< λ′

23k
<1e-8, 3e-10< λ′

23k
<3e-9] 1.0t̃1 [1e-10< λ′

23k
<1e-8, 3e-10< λ′

23k
<3e-9]

χ̃±1 /χ̃
0
2/χ̃

0
1, χ̃0

1,2→tbs, χ̃+1→bbs 1-2 e, µ ≥6 jets 139 Pure higgsino ATLAS-CONF-2021-0070.2-0.32χ̃0
1

Mass scale [TeV]10−1 1

ATLAS SUSY Searches* - 95% CL Lower Limits
June 2021

ATLAS Preliminary√
s = 13 TeV

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

3/19



0 500 1000 1500 2000

mass scale [GeV]

g̃→ qq(χ̃±1 /χ̃
0
2)→ qq(W/Z)χ̃0

1

g̃→ qqχ̃0
1

g̃→ bbχ̃0
1

g̃→ ttχ̃0
1

2` same-sign and ≥ 3`: arXiv:2001.10086 BF(χ̃±1 :χ̃0
2) = 2:1, x = 0.5

0`: arXiv:1908.04722 BF(χ̃±1 :χ̃0
2) = 2:1, x = 0.5

0`: arXiv:1909.03460;1908.04722

0`: arXiv:1909.03460;1908.04722

2` same-sign and ≥ 3`: arXiv:2001.10086

1`: arXiv:1911.07558

0`: arXiv:1909.03460;1908.04722,2103.01290

pp→ g̃g̃

Overview of SUSY results: gluino pair production
Moriond 2021CMS
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Selection of observed limits at 95% C.L. (theory uncertainties are not included). Probe up to the quoted mass limit for light LSPs unless stated otherwise.
The quantities ∆M and x represent the absolute mass difference between the primary sparticle and the LSP, and the difference between the intermediate
sparticle and the LSP relative to ∆M , respectively, unless indicated otherwise.
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Introductory motivations

Where is �Is there� (TeV) New Physics ??
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message from (the) BSM at the LHC (?)
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Too early to give up on Supersymmetry!

→ deep connection between internal and space-time symmetries

→ uni�cation with Gravity...

→ ubiquity of �at directions of the scalar potential
→ potential in�ationary sectors.

→ In its (next-to-)minimal versions, (N)MSSM, possible relations
between constraints from in�ation (prediction of the scalar spectral
index, the power spectrum normalization, etc.), and constraints from
particle physics searches ?

→ SUSY DM candidates still viable, even for (relatively) light LSP,
despite direct / indirect search limits and LHC constraints.
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SUSY �at directions

Vsusy =
∑
k

|Fφk |2 +
1

2

∑
A

g2A ~D
A · ~DA

Fφk :=
∂W

∂φk
, ~DA := Φ† ~TAΦ, (Φ multiplet of φk

′s)

→ An MSSM �at direction → V = 0

→ �nd simultaneous solutions to Fφk = 0 and ~DA = 0

→ in the space of 49 complex scalar �elds φk (squarks, sletons, Higgses)

.

→ one-to-one correspondence with gauge invariant monomials
→ The (Rp-conserving)MSSM potential has O(300) �at directions!

a promising paradise for In�ation!
BUT...
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SUSY �at directions

a �at direction:

◦ has to be lifted...

◦ and by not too much → slow-roll/enough e-folding to �t
observations

→ three main lifting sources:

• renormalizable superpotential (MSSM)

• soft SUSY breaking masses (MSSM)

⇒ e�ective non-renormalizable superpotential (beyond the MSSM)

e.g. → LLe or udd �at directions lifted by

WLLe = λ
M3
p

(LLe)(LLe) resp. W udd = λ
M3
p

(udd)(udd)
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The saddle point MSSM-In�ation model

In�ation along these directions (Enqvist & collab. '06 +)

φ ∼ L̃i + L̃j + ẽk, φ ∼ ũi + d̃j + d̃k

V tree
inflation =

1

2
m2
φφ

2 − Aλ
φ6

6M3
p

+ λ2
φ10

M6
p

, (λ > 0, A > 0)

V tree
inflation has now a non-trivial minimum at φ = φ0 6= 0.

→ Adjust the parameters to make this minimum as shallow as possible
+ initial condition for the in�aton �eld φ to get slow-roll.

→ exact saddle-point at φ0 =
(
M3
pmφ

√
α

λ
√
10

)1/4
with A =

√
40mφ

√
α

.
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The saddle point MSSM-In�ation model

→ relate A to the MSSM soft tri-linear couplings at the SUSY breaking
scale, e.g. At = am3/2, A = (3 + a)m3/2 in minimal SUGRA.

→ mφ given by the MSSM soft scalar masses, e.g.
m2
φ = 1

3
(m2

L̃1
+m2

L̃2
+m2

ẽ1
), running at all scales.

→ link between the in�ation requirements/constraints and the MSSM
spectrum and SUSY DM.

Boehm et al. '13
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The saddle point MSSM-In�ation model

Problem and methodology
Problem: What is the allowed parameter space
(mφ, A, λ) by As et ns ?

Fix φ0
ncosmo
s−−−→ α

Acosmo
s−−−−→ Norm.

→ (mφ, A, λ).

Followed first thanks to a semi-analytical code for inflation,
Aspic [Martin 2013], to get the constraints in the planes (φ0,
mφ) and (mφ, A).

12/35

V treeinflation = 1
2
m2
φφ

2 − Aλ φ6

6M3
p

+ λ2 φ10

M6
p

courtesy Gilles Weymann-Despres (IJCLab)

Slow-roll parameters

ε1 '
M2
p

2

(
V ′(φ)
V (φ)

)2

ε2 ' 2M2
p

[(
V ′(φ)
V (φ)

)2
− V ′′(φ)

V (φ)

]
.
.
.

Scalar perturbations power spectrum

Ps(k) = As

(
k
k∗

)ns−1

Planck:

ns = 0.9665± 0.0038,

As = (2.196± 0.055)× 10−9

Scalar spectral index

ns = 1− 2ε1∗ − ε2∗
Amplitude

As =
H2
∗

8π2ε1∗Mp

V ′(φ0) 6= 0, V ′′(φ0) = 0 → α extremely �ne-tuned: α 6= 1 and 1− α < 10−8

Martin, Ringeval, Vennin '13
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The Wall

0 100000 200000 300000 400000

mφ/GeV

0.0

0.2

0.4

0.6

0.8

1.0

φ
0
/G

eV

×1016

0.934 < n
S
< 0.988

0.9551 < n
S
< 0.9779

S Henrot-Versille & V Vennin
3) U3D2D1 Inflation constraint, the Wall and mq̃12 tuning

∀mφ, we can find an intersection at φ0 = O(1014) GeV.

Ultimately, we adjust mq̃12 to get the right
mφ(φ0)
A6(φ0)

� 1/
√
40.

23/35

Richard von Eckardstein & D Zerwas

There is always a solution!

13/19



The Wall

0 100000 200000 300000 400000

mφ/GeV

0.0

0.2

0.4

0.6

0.8

1.0

φ
0
/G

eV

×1016

0.934 < n
S
< 0.988

0.9551 < n
S
< 0.9779

S Henrot-Versille & V Vennin

3) U3D2D1 Inflation constraint, the Wall and mq̃12 tuning

∀mφ, we can find an intersection at φ0 = O(1014) GeV.

Ultimately, we adjust mq̃12 to get the right
mφ(φ0)
A6(φ0)

� 1/
√
40.

23/35

Richard von Eckardstein & D Zerwas

There is always a solution!

13/19



The Wall

0 100000 200000 300000 400000

mφ/GeV

0.0

0.2

0.4

0.6

0.8

1.0

φ
0
/G

eV

×1016

0.934 < n
S
< 0.988

0.9551 < n
S
< 0.9779

S Henrot-Versille & V Vennin
3) U3D2D1 Inflation constraint, the Wall and mq̃12 tuning

∀mφ, we can find an intersection at φ0 = O(1014) GeV.

Ultimately, we adjust mq̃12 to get the right
mφ(φ0)
A6(φ0)

� 1/
√
40.

23/35

Richard von Eckardstein & D Zerwas

There is always a solution!

13/19



The Wall

0 100000 200000 300000 400000

mφ/GeV

0.0

0.2

0.4

0.6

0.8

1.0

φ
0
/G

eV

×1016

0.934 < n
S
< 0.988

0.9551 < n
S
< 0.9779

S Henrot-Versille & V Vennin
3) U3D2D1 Inflation constraint, the Wall and mq̃12 tuning

∀mφ, we can find an intersection at φ0 = O(1014) GeV.

Ultimately, we adjust mq̃12 to get the right
mφ(φ0)
A6(φ0)

� 1/
√
40.

23/35

Richard von Eckardstein & D Zerwas

There is always a solution!

13/19



The E�ective Potential

Improve the Potential → loop corrections → log φ
φ0

resummation.

V tree
inflation =

1

2
m2
φφ

2 − Aλ
φ6

6M3
+ λ2

φ10

M6

m2
φ → m2

φ(φ), A→ A(φ), λ→ λ(φ), φ→ φ(φ)

V tree
inflation → V loop

inflation ← 'slight' shape modi�cation

Relaxing the fine-tuning thanks to RGE’s

Compare αtree vs φ0 with αGUT vs φ0:

=⇒ Relaxing of the αGUT fine-tuning!

17/35

Gilles Weymann-Despres

Might look like RGEs reduce tremendously the �ne-tuning

In fact α should be rede�ned!
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Implemented in SUSPECT3

◦ Included In�ation scale

◦ Included high scale boundary conditions relating A to MSSM soft
breaking couplings.

◦ Included RGEs for m2
φ, A and λ for all LLe and udd directions,

including 3rd generation Yukawa e�ects.

Ready for a full-�edged analyses:

-

∼ 1016GeV

MGUT

∼ 1014GeV

In�ation

∼ 103GeV

EWSB

91GeV

MZ

15/19



Outlook

◦ Although (particularly) �ne-tuned, the saddle-point MSSM in�ation
is an interesting set-up → relates high scale in�ation to low scale
particle physics.

◦ The on-going collaboration: brings together exp & theo/cosmo &
particle, expertise and related analysis tools
(ASPIC/SuSpect3/SFitter)

◦ Extension to other SUSY scenarios; comparison of theoretical
predictions to future experimental HEP, cosmology and DM
searches.

◦ The DMLab as a hub is a real opportunity for us: short-term visits,
feedback from experts, the SuSpect/SUSY-HIT project,...
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