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Introduction2

Figure 2.1: Basic tree diagrams associated with the trilinear R̸p superpotential interactions
involving the Yukawa couplings λ or λ′ (̸L), or λ′′ (̸B). q (q̃) and l (l̃) denote (s)quarks and
(s)leptons. The arrows on the (s)quark and (s)lepton lines indicate the flow of the baryon (resp.
lepton) number.

and Higgs superfields (with Hd → H ′
d ∝ µHd + µiLi) [24]. However, this rotation will

generate R̸p scalar mass terms (see subsection 2.1.3) from the ordinary, R-parity conserving
soft supersymmetry-breaking terms of dimension 2, so that bilinear R-parity-violating terms
will then reappear in the scalar potential. The fact that one can make µi = 0 in Eq. (2.2) does
not mean that the Higgs-lepton mixing associated with bilinearR-parity breaking is unphysical,
but rather that there is no unique way of parametrizing it, as will be discussed insubsection 2.1.4.

Altogether, Eq. (2.2) involves 48 (a priori complex) parameters: 3 dimensionful param-
eters µi mixing the charged lepton and down-type Higgs superfields, and 45 dimensionless
Yukawa-like couplings divided into 9 λijk and 27 λ′ijk couplings which break lepton-number
conservation, and 9 λ′′ijk couplings which break baryon-number conservation.

2.1.2 Lagrangian Terms Associated with the Superpotential Couplings

We now derive the interaction terms in the Lagrangian density generated from the R-parity odd
superpotential of Eq. (2.2).

i) R̸p Yukawa couplings

Let us first consider the terms involving fermions. They consist of fermion bilinears as-
sociated with the bilinear superpotential terms µiHuLi, and of trilinear, Yukawa-like interac-
tions associated with the superpotential couplings λ, λ′ and λ′′. In two-component notation for
spinors, the fermion bilinears read (see Appendix A for the definition of fields, and Ref. [25]
for the two-component notation):

LHuLi
= µi

(
h̃0

uνi − h̃+
u l−i

)
+ h.c. . (2.6)

These terms, which mix lepton with higgsino fields, will be discussed in section 2.3. Expanded
in standard four-component Dirac notation, the trilinear interaction terms associated with the λ,
λ′ and λ′′ couplings read, respectively (see Appendix A for the definition of fields, and Appendix
B for the derivation of this Lagrangian density):

LLiLjEc
k

= −1

2
λijk

(
ν̃iLl̄kRljL + l̃jLl̄kRνiL + l̃⋆kRν̄

c
iRljL − (i ↔ j)

)
+ h.c. , (2.7)
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R-parity is a discrete symmetry in Supersymmetry.
(-1)3(B-L)+2s = +1 for SM, -1 for SUSY particles.

R-parity conservation 
• lightest sparticle is a good Dark Matter candidate
• at LHC, signatures with large $%&'((

R-parity violation
• lepton (!, !’) and/or baryon (!’’) number violation
• can generate neutrino mass and mixing
• low $%&'((, unstable LSP L, LSP can be charged J

Rich phenomenology, but handle with care!
Rapid proton decay, ) − +) oscillations, 
large , masses, neutrinoless double-- decay, … 

Small ! couplings? 
Long-lived particles!
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Figure 1: Direct production of stops, in red, decaying into a b- and an s-quark through the RPV � 00 coupling,
indicated by the blue dots.

Background samples of multijet production are simulated with multiple 2 ! 2 matrix elements (ME) at86

leading order (LO) using the Pythia 8.186 generator. The A14 tune [37] of shower and multiple parton87

interactions parameters is used together with the NNPDF23LO PDF set [38].88

Top pair production events are simulated using the Powheg-Box v2 [39] generator with the CT10 [40]89

PDF set, as detailed in [41]. The top mass is set to 172.5 GeV. The hdamp parameter, which regulates the90

transverse momentum (pT) of the first extra emission beyond the Born configuration and thus controls the91

pT of the tt̄ system, is set to the mass of the top quark. The parton shower (PS), fragmentation, and the92

underlying event are simulated using Pythia 6.428 [42] with the CTEQ6L1 [43] PDF set and the corres-93

ponding Perugia 2012 tune (P2012) [44]. The sample is normalized to the next-to-next-to-leading order94

cross-section including the resummation of soft gluon emission at next-to-next-to-logarithmic accuracy95

using Top++2.0 [45].96

The stop signal samples are generated using MG5_aMC@NLO [46] v2.2.3 interfaced to Pythia 8.18697

with the A14 tune for the modeling of the parton showering, hadronization and underlying event. The98

ME calculation is performed at tree-level and includes the emission of up to two additional partons. The99

PDF set used for the generation is NNPDF23LO. The ME/PS matching is done using the CKKW-L [47]100

prescription, with a matching scale set to one quarter of the pair-produced stop mass. All non-SM particle101

masses are set to 5 TeV except for the stop mass (mt̃ ), which is scanned in steps of 25 GeV from mt̃ = 250102

GeV to mt̃ = 650 GeV. The two stops are then forced to decay promptly into a b- and an s-quark each.103

Signal cross-sections are calculated to next-to-leading order in the strong coupling constant, adding the104

resummation of soft gluon emission at next-to-leading-logarithmic accuracy [48–50]. The nominal cross-105

section and its uncertainty are taken from an envelope of cross-section predictions using di↵erent PDF106

sets and factorization and renormalization scales, as described in Ref. [51].107

4 Object reconstruction108

Each event is required to have a reconstructed primary vertex consistent in location with the beamspot109

envelope and with at least two associated tracks with pT > 400 MeV [52]. If more than one such vertex110
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Search for !" decaying to dijet via #′′ coupling.
Signature: 2 heavy pairs of close-by jets.
Btag-inclusive search (&̃ → ()), or 1 b-jet per pair (&̃ → *().

Choose right jet pairing:
• boosted &̃ has low +,(jet,jet) 
• 2 resonances have same mass
• multijet background mostly in forward region (t-channel)

mass asymmetry

arXiv:1710.07171

0 0.2 0.4 0.6 0.8 1
*)θ(cos

0.02

0.04

0.06

0.08

0.1

0.12

Fr
ac

tio
n 

of
 e

ve
nt

s

Data
 = 500 GeVt~m
 = 1500 GeVρm

ATLAS
-1 = 13 TeV, 36.7 fbs

t
t

~

~
-*

z|cos(.*)|



 [GeV]avgm
100 200 300 400 500

 E
ve

nt
s 

/ 1
0 

G
eV

2000

4000

6000

8000

10000

12000
Total SM
SM Stat. uncertainty
Data
Multijet (DD)

 = 100 GeV)
t~

 (mq'q ® t~

 = 200 GeV)
t~

 (mq'q ® t~

 = 300 GeV)
t~

 (mq'q ® t~

 ATLAS
-1=13 TeV, 36.7 fbs

Inclusive Signal Region

 [GeV]avgm
100 200 300 400 500

D
at

a 
/ S

M

0.5
1

1.5

4 Dijet resonance pairs

 [GeV]avgm
100 200 300 400 500

 E
ve

nt
s 

/ 1
0 

G
eV

100
200
300
400
500
600
700 Total SM

SM Stat. uncertainty
Data
Multijet (DD)
tt

 = 100 GeV)
t~

 (mqb ® t~

 = 200 GeV)
t~

 (mqb ® t~

 = 300 GeV)
t~

 (mqb ® t~

 ATLAS
-1=13 TeV, 36.7 fbs

-tagged Signal Regionb

 [GeV]avgm
100 200 300 400 500

D
at

a 
/ S

M

0.5
1

1.5

100 200 300 400 500 600 700 800
 [GeV]t~ m

2−10

1−10

1

10

210

310

 B
 [p

b]
×
σ

ATLAS -tagged Signal Regionb
-1 = 13 TeV, 36.7 fbs

qb →t~; t*~ t~ →pp

stop pair prod. cross section
observed 95% CL limit
expected 95% CL limit

σ 1±expected 
σ 2±expected 

 = 8TeV)sstop pair prod. cross section (

observed limit, ATLAS 8 TeV

The MC predictions of signal event yields in 36.7 fb�1 of data are shown in Table 1 after each di↵erent
requirement of the event selection is applied. The acceptance times e�ciency of the inclusive and b-
tagged signal region selections as a function of the signal mass are shown before and after applying the
mavg mass window requirement in Figure 4. The acceptance of the signal region selections increases for
large masses due to the four jets from the signal having a larger pT. However, as the jet pairing does not
always correctly assign the resonance candidates for high masses, the signal has a tail extending to low
mavg values, degrading the e�ciency of the mass window selection.

7 Background estimation

The dominant background from multijet production is estimated directly from data, with a method that
predicts both the normalisation and the shape of the mavg distribution. In the b-tagged selection, for mavg
below 200 GeV, the tt̄ contribution becomes significant, and is estimated from simulation.

For the inclusive selection, the mavg distribution for the background is obtained from data. For each mavg
bin the data sample is divided into four regions: one region where the signal region selection is applied (D)
and three background-dominated control regions (A, C and F). The variables used to define the di↵erent
regions, summarised in Figure 5, areA and | cos(✓⇤)|. Provided the two variables defining the regions are
uncorrelated, and signal leakage in the background-dominated regions can be neglected, the amount of
background in the region of interest D can be predicted from the observed numbers of events in the control
regions as ND = NA⇥NF/NC. Two additional regions (B and E) are defined in theA–| cos(✓⇤)| plane. The
validation region (VR), region E, is used to test the performance of the data-driven method and assign
an uncertainty to the background estimate. The validation region is defined with the same selections as
for the signal region, but with the asymmetry requirement changed from A < 0.05 to 0.05 < A < 0.15.
The background contribution in the VR is estimated by NE = NB ⇥ NF/NC. In the inclusive selection the
data-driven estimate also accounts for the contribution from the tt̄ production, which amounts to less than
1% of the total background for mavg < 200 GeV, and is negligible above. The linear correlation between
the | cos(✓⇤)| and A variables is evaluated in data and simulated multijet samples, where it amounts to
1.8% and 2.2%, respectively. To reduce the impact of correlations observed in data at large mavg and high
A values theA–| cos(✓⇤)| plane is restricted to 0.0 < A < 0.7 and 0.0 < | cos(✓⇤)| < 0.7.

For the b-tagged selection, where the background is relatively small, the signal contamination in region A
can be significant and potentially bias the result of the background estimate. The multijet background for
this selection is thus estimated in two steps. The shape of the mavg distribution is first predicted in a region
with a b-tag veto (zero-tag) and then extrapolated to the b-tagged signal region. The mavg distribution in
the zero-tag region is obtained with a data-driven estimate, analogously to the inclusive selection. The
zero-tag prediction is then extrapolated to the b-tagged selection by means of projection factors computed
bin by bin in mavg, similarly to the approach described in Ref. [43]. The projection factors, for a given
mavg bin and region X, are defined as the ratio of the numbers of events in the two-b-tag and zero-tag
planes (NX2/NX0). To avoid sensitivity to signal contamination the projection factor is evaluated in region
F. The contributions from multi-jet and tt̄ production scale di↵erently between the zero- and b-tagged
selection. Hence, simulated samples are used to subtract the tt̄ contribution in all control regions. The
tt̄ estimate in the signal region is then obtained directly from the simulation, considering all relevant
modelling and experimental uncertainties.

The observed number of events in each of the regions used in the background estimate of both the in-
clusive and b-tagged selections are shown in Table 2 before applying the mass window requirements.
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Multijet background from “ABCD method”

Extrapolation from data
0 b-jet -> 2 b-jet

mass asymmetry
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q̃q̃, q̃→qχ̃
0
1 0 2-6 jets Yes 36.1 m(χ̃

0
1)<200 GeV, m(1st gen. q̃)=m(2nd gen. q̃) 1712.023321.57 TeVq̃

q̃q̃, q̃→qχ̃
0
1 (compressed) mono-jet 1-3 jets Yes 36.1 m(q̃)-m(χ̃

0
1)<5 GeV 1711.03301710 GeVq̃

g̃g̃, g̃→qq̄χ̃
0
1 0 2-6 jets Yes 36.1 m(χ̃

0
1)<200 GeV 1712.023322.02 TeVg̃

g̃g̃, g̃→qqχ̃
±
1→qqW±χ̃

0
1 0 2-6 jets Yes 36.1 m(χ̃

0
1)<200 GeV, m(χ̃

±
)=0.5(m(χ̃

0
1)+m(g̃)) 1712.023322.01 TeVg̃

g̃g̃, g̃→qq̄(ℓℓ)χ̃
0
1

ee, µµ 2 jets Yes 14.7 m(χ̃
0
1)<300 GeV, 1611.057911.7 TeVg̃

g̃g̃, g̃→qq(ℓℓ/νν)χ̃
0
1

3 e, µ 4 jets - 36.1 m(χ̃
0
1)=0 GeV 1706.037311.87 TeVg̃

g̃g̃, g̃→qqWZχ̃
0
1 0 7-11 jets Yes 36.1 m(χ̃

0
1) <400 GeV 1708.027941.8 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 36.1 cτ(NLSP)<0.1 mm ATLAS-CONF-2017-0802.15 TeVg̃

GGM (higgsino-bino NLSP) γ 2 jets Yes 36.1 m(χ̃
0
1)=1700 GeV, cτ(NLSP)<0.1 mm, µ>0 ATLAS-CONF-2017-0802.05 TeVg̃

Gravitino LSP 0 mono-jet Yes 20.3 m(G̃)>1.8 × 10−4 eV, m(g̃)=m(q̃)=1.5 TeV 1502.01518F1/2 scale 865 GeV

g̃g̃, g̃→bb̄χ̃
0
1 0 3 b Yes 36.1 m(χ̃

0
1)<600 GeV 1711.019011.92 TeVg̃

g̃g̃, g̃→tt̄χ̃
0
1

0-1 e, µ 3 b Yes 36.1 m(χ̃
0
1)<200 GeV 1711.019011.97 TeVg̃

b̃1b̃1, b̃1→bχ̃
0
1 0 2 b Yes 36.1 m(χ̃

0
1)<420 GeV 1708.09266950 GeVb̃1

b̃1b̃1, b̃1→tχ̃
±
1 2 e, µ (SS) 1 b Yes 36.1 m(χ̃

0
1)<200 GeV, m(χ̃

±
1 )= m(χ̃

0
1)+100 GeV 1706.03731275-700 GeVb̃1

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

±
1 ) = 2m(χ̃

0
1), m(χ̃

0
1)=55 GeV 1209.2102, ATLAS-CONF-2016-077t̃1 117-170 GeV 200-720 GeVt̃1

t̃1 t̃1, t̃1→Wbχ̃
0
1 or tχ̃

0
1

0-2 e, µ 0-2 jets/1-2 b Yes 20.3/36.1 m(χ̃
0
1)=1 GeV 1506.08616, 1709.04183, 1711.11520t̃1 90-198 GeV 0.195-1.0 TeVt̃1

t̃1 t̃1, t̃1→cχ̃
0
1 0 mono-jet Yes 36.1 m(t̃1)-m(χ̃

0
1)=5 GeV 1711.0330190-430 GeVt̃1

t̃1 t̃1(natural GMSB) 2 e, µ (Z) 1 b Yes 20.3 m(χ̃
0
1)>150 GeV 1403.5222t̃1 150-600 GeV

t̃2 t̃2, t̃2→t̃1 + Z 3 e, µ (Z) 1 b Yes 36.1 m(χ̃
0
1)=0 GeV 1706.03986290-790 GeVt̃2

t̃2 t̃2, t̃2→t̃1 + h 1-2 e, µ 4 b Yes 36.1 m(χ̃
0
1)=0 GeV 1706.03986320-880 GeVt̃2

ℓ̃L,R ℓ̃L,R, ℓ̃→ℓχ̃
0
1 2 e, µ 0 Yes 36.1 m(χ̃

0
1)=0 ATLAS-CONF-2017-03990-500 GeVℓ̃

χ̃+
1
χ̃−

1 , χ̃
+

1→ℓ̃ν(ℓν̃) 2 e, µ 0 Yes 36.1 m(χ̃
0
1)=0, m(ℓ̃, ν̃)=0.5(m(χ̃

±
1 )+m(χ̃

0
1 )) ATLAS-CONF-2017-039750 GeVχ̃±

1

χ̃±
1
χ̃∓

1 /χ̃
0
2, χ̃

+

1→τ̃ν(τν̃), χ̃
0
2→τ̃τ(νν̃) 2 τ - Yes 36.1 m(χ̃

0
1)=0, m(τ̃, ν̃)=0.5(m(χ̃

±
1 )+m(χ̃

0
1)) 1708.07875760 GeVχ̃±

1

χ̃±
1
χ̃0

2→ℓ̃Lνℓ̃Lℓ(ν̃ν), ℓν̃ℓ̃Lℓ(ν̃ν) 3 e, µ 0 Yes 36.1 m(χ̃
±
1 )=m(χ̃

0
2), m(χ̃

0
1)=0, m(ℓ̃, ν̃)=0.5(m(χ̃

±
1 )+m(χ̃

0
1)) ATLAS-CONF-2017-0391.13 TeVχ̃±

1 , χ̃
0

2

χ̃±
1
χ̃0

2→Wχ̃
0
1Zχ̃

0
1

2-3 e, µ 0-2 jets Yes 36.1 m(χ̃
±
1 )=m(χ̃

0
2), m(χ̃

0
1)=0, ℓ̃ decoupled ATLAS-CONF-2017-039580 GeVχ̃±

1 , χ̃
0

2

χ̃±
1
χ̃0

2→Wχ̃
0
1h χ̃

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

±
1 )=m(χ̃

0
2), m(χ̃

0
1)=0, ℓ̃ decoupled 1501.07110χ̃±

1 , χ̃
0

2 270 GeV

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)) 1405.5086χ̃0

2,3 635 GeV

GGM (wino NLSP) weak prod., χ̃
0
1→γG̃ 1 e, µ + γ - Yes 20.3 cτ<1 mm 1507.05493W̃ 115-370 GeV

GGM (bino NLSP) weak prod., χ̃
0
1→γG̃ 2 γ - Yes 36.1 cτ<1 mm ATLAS-CONF-2017-0801.06 TeVW̃

Direct χ̃
+

1
χ̃−

1 prod., long-lived χ̃
±
1 Disapp. trk 1 jet Yes 36.1 m(χ̃

±
1 )-m(χ̃

0
1)∼160 MeV, τ(χ̃

±
1 )=0.2 ns 1712.02118460 GeVχ̃±

1

Direct χ̃
+

1
χ̃−

1 prod., long-lived χ̃
±
1 dE/dx trk - Yes 18.4 m(χ̃

±
1 )-m(χ̃

0
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(χ̃
0
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(χ̃
0
1)=100 GeV, τ>10 ns 1604.045201.57 TeVg̃

Metastable g̃ R-hadron, g̃→qqχ̃
0
1

displ. vtx - Yes 32.8 τ(g̃)=0.17 ns, m(χ̃
0
1) = 100 GeV 1710.049012.37 TeVg̃

GMSB, stable τ̃, χ̃
0
1→τ̃(ẽ, µ̃)+τ(e, µ) 1-2 µ - - 19.1 10<tanβ<50 1411.6795χ̃0

1 537 GeV

GMSB, χ̃
0
1→γG̃, long-lived χ̃

0
1

2 γ - Yes 20.3 1<τ(χ̃
0
1)<3 ns, SPS8 model 1409.5542χ̃0

1 440 GeV

g̃g̃, χ̃
0
1→eeν/eµν/µµν displ. ee/eµ/µµ - - 20.3 7 <cτ(χ̃

0
1)< 740 mm, m(g̃)=1.3 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), cτLS P<1 mm 1404.2500q̃, g̃ 1.45 TeV

χ̃+
1
χ̃−

1 , χ̃
+

1→Wχ̃
0
1, χ̃

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

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

1

χ̃+
1
χ̃−

1 , χ̃
+

1→Wχ̃
0
1, χ̃

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

0
1)>0.2×m(χ̃

±
1 ), λ133!0 1405.5086χ̃±

1 450 GeV

g̃g̃, g̃→qqχ̃
0
1, χ̃

0
1 → qqq 0 4-5 large-R jets - 36.1 m(χ̃

0
1)=1075 GeV SUSY-2016-221.875 TeVg̃

g̃g̃, g̃→tt̄χ̃
0
1, χ̃

0
1 → qqq 1 e, µ 8-10 jets/0-4 b - 36.1 m(χ̃

0
1)= 1 TeV, λ112!0 1704.084932.1 TeVg̃

g̃g̃, g̃→t̃1t, t̃1→bs 1 e, µ 8-10 jets/0-4 b - 36.1 m(t̃1)= 1 TeV, λ323!0 1704.084931.65 TeVg̃

t̃1 t̃1, t̃1→bs 0 2 jets + 2 b - 36.7 1710.07171100-470 GeVt̃1 480-610 GeVt̃1

t̃1 t̃1, t̃1→bℓ 2 e, µ 2 b - 36.1 BR(t̃1→be/µ)>20% 1710.055440.4-1.45 TeVt̃1

Scalar charm, c̃→cχ̃
0
1 0 2 c Yes 20.3 m(χ̃

0
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
December 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
simplified models, c.f. refs. for the assumptions made.

ATLAS SUSY searches with R-parity violation 
and long-lived particles were presented.

Non-conventional signatures: low !"#$%%, 
disappearing tracks, displaced vertices.

No excess in 2015+2016 data.
Exciting prospects from LHC for 2018!
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q̃q̃, q̃→qχ̃
0
1 0 2-6 jets Yes 36.1 m(χ̃

0
1)<200 GeV, m(1st gen. q̃)=m(2nd gen. q̃) 1712.023321.57 TeVq̃

q̃q̃, q̃→qχ̃
0
1 (compressed) mono-jet 1-3 jets Yes 36.1 m(q̃)-m(χ̃

0
1)<5 GeV 1711.03301710 GeVq̃

g̃g̃, g̃→qq̄χ̃
0
1 0 2-6 jets Yes 36.1 m(χ̃

0
1)<200 GeV 1712.023322.02 TeVg̃

g̃g̃, g̃→qqχ̃
±
1→qqW±χ̃

0
1 0 2-6 jets Yes 36.1 m(χ̃

0
1)<200 GeV, m(χ̃

±
)=0.5(m(χ̃

0
1)+m(g̃)) 1712.023322.01 TeVg̃

g̃g̃, g̃→qq̄(ℓℓ)χ̃
0
1

ee, µµ 2 jets Yes 14.7 m(χ̃
0
1)<300 GeV, 1611.057911.7 TeVg̃

g̃g̃, g̃→qq(ℓℓ/νν)χ̃
0
1

3 e, µ 4 jets - 36.1 m(χ̃
0
1)=0 GeV 1706.037311.87 TeVg̃

g̃g̃, g̃→qqWZχ̃
0
1 0 7-11 jets Yes 36.1 m(χ̃

0
1) <400 GeV 1708.027941.8 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 36.1 cτ(NLSP)<0.1 mm ATLAS-CONF-2017-0802.15 TeVg̃

GGM (higgsino-bino NLSP) γ 2 jets Yes 36.1 m(χ̃
0
1)=1700 GeV, cτ(NLSP)<0.1 mm, µ>0 ATLAS-CONF-2017-0802.05 TeVg̃

Gravitino LSP 0 mono-jet Yes 20.3 m(G̃)>1.8 × 10−4 eV, m(g̃)=m(q̃)=1.5 TeV 1502.01518F1/2 scale 865 GeV

g̃g̃, g̃→bb̄χ̃
0
1 0 3 b Yes 36.1 m(χ̃

0
1)<600 GeV 1711.019011.92 TeVg̃

g̃g̃, g̃→tt̄χ̃
0
1

0-1 e, µ 3 b Yes 36.1 m(χ̃
0
1)<200 GeV 1711.019011.97 TeVg̃

b̃1b̃1, b̃1→bχ̃
0
1 0 2 b Yes 36.1 m(χ̃

0
1)<420 GeV 1708.09266950 GeVb̃1

b̃1b̃1, b̃1→tχ̃
±
1 2 e, µ (SS) 1 b Yes 36.1 m(χ̃

0
1)<200 GeV, m(χ̃

±
1 )= m(χ̃

0
1)+100 GeV 1706.03731275-700 GeVb̃1

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

±
1 ) = 2m(χ̃

0
1), m(χ̃

0
1)=55 GeV 1209.2102, ATLAS-CONF-2016-077t̃1 117-170 GeV 200-720 GeVt̃1

t̃1 t̃1, t̃1→Wbχ̃
0
1 or tχ̃

0
1

0-2 e, µ 0-2 jets/1-2 b Yes 20.3/36.1 m(χ̃
0
1)=1 GeV 1506.08616, 1709.04183, 1711.11520t̃1 90-198 GeV 0.195-1.0 TeVt̃1

t̃1 t̃1, t̃1→cχ̃
0
1 0 mono-jet Yes 36.1 m(t̃1)-m(χ̃

0
1)=5 GeV 1711.0330190-430 GeVt̃1

t̃1 t̃1(natural GMSB) 2 e, µ (Z) 1 b Yes 20.3 m(χ̃
0
1)>150 GeV 1403.5222t̃1 150-600 GeV

t̃2 t̃2, t̃2→t̃1 + Z 3 e, µ (Z) 1 b Yes 36.1 m(χ̃
0
1)=0 GeV 1706.03986290-790 GeVt̃2

t̃2 t̃2, t̃2→t̃1 + h 1-2 e, µ 4 b Yes 36.1 m(χ̃
0
1)=0 GeV 1706.03986320-880 GeVt̃2

ℓ̃L,R ℓ̃L,R, ℓ̃→ℓχ̃
0
1 2 e, µ 0 Yes 36.1 m(χ̃

0
1)=0 ATLAS-CONF-2017-03990-500 GeVℓ̃

χ̃+
1
χ̃−

1 , χ̃
+

1→ℓ̃ν(ℓν̃) 2 e, µ 0 Yes 36.1 m(χ̃
0
1)=0, m(ℓ̃, ν̃)=0.5(m(χ̃

±
1 )+m(χ̃

0
1 )) ATLAS-CONF-2017-039750 GeVχ̃±

1

χ̃±
1
χ̃∓

1 /χ̃
0
2, χ̃

+

1→τ̃ν(τν̃), χ̃
0
2→τ̃τ(νν̃) 2 τ - Yes 36.1 m(χ̃

0
1)=0, m(τ̃, ν̃)=0.5(m(χ̃

±
1 )+m(χ̃

0
1)) 1708.07875760 GeVχ̃±

1

χ̃±
1
χ̃0

2→ℓ̃Lνℓ̃Lℓ(ν̃ν), ℓν̃ℓ̃Lℓ(ν̃ν) 3 e, µ 0 Yes 36.1 m(χ̃
±
1 )=m(χ̃

0
2), m(χ̃

0
1)=0, m(ℓ̃, ν̃)=0.5(m(χ̃

±
1 )+m(χ̃

0
1)) ATLAS-CONF-2017-0391.13 TeVχ̃±

1 , χ̃
0

2

χ̃±
1
χ̃0

2→Wχ̃
0
1Zχ̃

0
1

2-3 e, µ 0-2 jets Yes 36.1 m(χ̃
±
1 )=m(χ̃

0
2), m(χ̃

0
1)=0, ℓ̃ decoupled ATLAS-CONF-2017-039580 GeVχ̃±

1 , χ̃
0

2

χ̃±
1
χ̃0

2→Wχ̃
0
1h χ̃

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

±
1 )=m(χ̃

0
2), m(χ̃

0
1)=0, ℓ̃ decoupled 1501.07110χ̃±

1 , χ̃
0

2 270 GeV

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)) 1405.5086χ̃0

2,3 635 GeV

GGM (wino NLSP) weak prod., χ̃
0
1→γG̃ 1 e, µ + γ - Yes 20.3 cτ<1 mm 1507.05493W̃ 115-370 GeV

GGM (bino NLSP) weak prod., χ̃
0
1→γG̃ 2 γ - Yes 36.1 cτ<1 mm ATLAS-CONF-2017-0801.06 TeVW̃

Direct χ̃
+

1
χ̃−

1 prod., long-lived χ̃
±
1 Disapp. trk 1 jet Yes 36.1 m(χ̃

±
1 )-m(χ̃

0
1)∼160 MeV, τ(χ̃

±
1 )=0.2 ns 1712.02118460 GeVχ̃±

1

Direct χ̃
+

1
χ̃−

1 prod., long-lived χ̃
±
1 dE/dx trk - Yes 18.4 m(χ̃

±
1 )-m(χ̃

0
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(χ̃
0
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(χ̃
0
1)=100 GeV, τ>10 ns 1604.045201.57 TeVg̃

Metastable g̃ R-hadron, g̃→qqχ̃
0
1

displ. vtx - Yes 32.8 τ(g̃)=0.17 ns, m(χ̃
0
1) = 100 GeV 1710.049012.37 TeVg̃

GMSB, stable τ̃, χ̃
0
1→τ̃(ẽ, µ̃)+τ(e, µ) 1-2 µ - - 19.1 10<tanβ<50 1411.6795χ̃0

1 537 GeV

GMSB, χ̃
0
1→γG̃, long-lived χ̃

0
1

2 γ - Yes 20.3 1<τ(χ̃
0
1)<3 ns, SPS8 model 1409.5542χ̃0

1 440 GeV

g̃g̃, χ̃
0
1→eeν/eµν/µµν displ. ee/eµ/µµ - - 20.3 7 <cτ(χ̃

0
1)< 740 mm, m(g̃)=1.3 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), cτLS P<1 mm 1404.2500q̃, g̃ 1.45 TeV

χ̃+
1
χ̃−

1 , χ̃
+

1→Wχ̃
0
1, χ̃

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

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

1

χ̃+
1
χ̃−

1 , χ̃
+

1→Wχ̃
0
1, χ̃

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

0
1)>0.2×m(χ̃

±
1 ), λ133!0 1405.5086χ̃±

1 450 GeV

g̃g̃, g̃→qqχ̃
0
1, χ̃

0
1 → qqq 0 4-5 large-R jets - 36.1 m(χ̃

0
1)=1075 GeV SUSY-2016-221.875 TeVg̃

g̃g̃, g̃→tt̄χ̃
0
1, χ̃

0
1 → qqq 1 e, µ 8-10 jets/0-4 b - 36.1 m(χ̃

0
1)= 1 TeV, λ112!0 1704.084932.1 TeVg̃

g̃g̃, g̃→t̃1t, t̃1→bs 1 e, µ 8-10 jets/0-4 b - 36.1 m(t̃1)= 1 TeV, λ323!0 1704.084931.65 TeVg̃

t̃1 t̃1, t̃1→bs 0 2 jets + 2 b - 36.7 1710.07171100-470 GeVt̃1 480-610 GeVt̃1

t̃1 t̃1, t̃1→bℓ 2 e, µ 2 b - 36.1 BR(t̃1→be/µ)>20% 1710.055440.4-1.45 TeVt̃1

Scalar charm, c̃→cχ̃
0
1 0 2 c Yes 20.3 m(χ̃

0
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
December 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
simplified models, c.f. refs. for the assumptions made.

Still many other signatures to explore!
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13 Displaced vertex + MET
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Main background = multi-jets.
Estimated from data with ABCD method:
• shape and normalization from 0 b-jet
• extrapolation vs N b-jet
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