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Introduction and RPV SUSY SUSY Search Summary
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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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Introduction and RPV SUSY SUSY Search Summary

New Perspectives: SUSY is not just around the corner
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Figure 1: The (m0, m1/2) plane in the CMSSM for tanβ = 10 and A0 = 0. The dark shaded

area at low m0 and high m1/2 is excluded due to a scalar tau LSP, the light shaded areas at low

m1/2 do not exhibit electroweak symmetry breaking. The nearly horizontal line at m1/2 ≈ 160GeV

in the lower panel has mχ̃±
1

= 103GeV, and the area below is excluded by LEP searches. Just

above this contour at low m0 in the lower panel is the region that is excluded by trilepton searches

at the Tevatron. Shown in both plots are the best-fit point, indicated by a filled circle, and the

68 (95)% C.L. contours from our fit as dark grey/blue (light grey/red) overlays, scanned over all

tan β and A0 values. Upper plot: Some 5 σ discovery contours at ATLAS and CMS with 1 fb−1 at

14TeV, and the contour for the 5 σ discovery of the Higgs boson in sparticle decays with 2 fb−1 at

14TeV in CMS. Lower plot: The 5 σ discovery contours for jet + missing ET events at CMS with

1 fb−1 at 14TeV, 100 pb−1 at 14TeV and 50 pb−1 at 10TeV centre-of-mass energy.

and 95% likelihood contours directly with the discovery contours given for A0 = 0 and

tan β = 10 fixed, particularly since the best fit has a similar value of tan β.

The parameters of the best-fit CMSSM point are m1/2 = 310 GeV, m0 = 60 GeV,
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ATLAS Preliminary
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-1
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τ∼

LSP
 not included.theory

SUSYσ95% CL limits.  

0-lepton, 2-6 jets

0-lepton, 7-10 jets

0-1 lepton, 3 b-jets

1-lepton + jets + MET

1-2 taus + 0-1 lept. + jets + MET

 3 b-jets≥2SS/3 leptons, 0 - 

arXiv: 1405.7875

arXiv: 1308.1841

arXiv: 1407.0600

ATLAS-CONF-2013-062

arXiv: 1407.0603

arXiv: 1404.2500

Buchmuller (2008) [1] ATLAS, jets+MET (2012,
√

s = 8 TeV) [2]

“No reasonable person could view these figures together
without concluding that we need to change our perspective.

But, what new perspective is called for?”
– M. E. Peskin, Lepton-Photon 2011 [3]
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Introduction and RPV SUSY R-Parity Violating (RPV) Supersymmetry

Hiding Supersymmetry through R-Parity Violation
The RPV superpotential

Direct decay of sparticles to SM particles can occur in R-parity violating
(RPV) SUSY via three general terms:

Lepton number violating (LNV) term: LLE via λijk (multileptons)

LNV term: LQD via λ′ijk (leptons+jets)

W6Rp =
1
2
λijkLiLjĒk + λ′ijkLiQjD̄k +

1
2
λ′′ijkŪiD̄jD̄k + κiLiH2

Baryon number violating (BNV) term: UDD via λ′′ijk (multijets)

Bilinear lepton-gaugino mixing term: LH via κ
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Introduction and RPV SUSY R-Parity Violating (RPV) Supersymmetry

Hiding Supersymmetry through R-Parity Violation
The RPV superpotential

Direct decay of sparticles to SM particles can occur in R-parity violating
(RPV) SUSY via three general terms:

Lepton number violating (LNV) term: LLE via λijk (multileptons)

LNV term: LQD via λ′ijk (leptons+jets)

W6Rp =
1
2
λijkLiLjĒk + λ′ijkLiQjD̄k +

1
2
λ′′ijkŪiD̄jD̄k + κiLiH2

Baryon number violating (BNV) term: UDD via λ′′ijk (multijets)

Bilinear lepton-gaugino mixing term: LH via κ

The UDD term (λ′′ijk) is generally least constrained via collider experiments, in part
because the all-hadronic decays are hard to constrain.
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ATLAS Searches and Results Overview

Hunting for RPV SUSY: the signals that we’re after
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Multilepton production from neutralino LLE (λijk) LNV decays
Prompt production of many leptons and large Emiss

T and Meff

Multijet production from gluino UDD (λ′′ijk) BNV decays
Massive multijet final states, very tough background estimation

D. W. Miller (EFI, Chicago) SUSY 2014 – ATLAS RPV SUSY Results Monday, July 21st, 2014 5 / 19



ATLAS Searches and Results Multilepton search

Multilepton search
4-lepton RPV+RPC SUSY search (arXiv:1405.5086)

Concept: Look for events with 4 leptons (at least 2 e or µ) and significant
Emiss

T from ν’s. Separately consider ≥ 0, 1, 2τ events.

Veto low mass (m`` < 12 GeV) or
m`` ≈ mZ events for same-flavor,
opposite sign (SFOS) lepton pairs
Estimate reducible backgrounds
(≥1 fake) from data
Estimate irreducible (mostly SM)
backgrounds from Monte Carlo
(MC)
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ATLAS Searches and Results Multilepton search

Background estimation and validation
4-lepton RPV+RPC SUSY search (arXiv:1405.5086)
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TABLE VI. Summary of the selection requirements that define the six validation regions used in the analysis.

N(!) N(τ ) Z-veto Emiss
T [GeV] meff [GeV]

VR0noZ ≥4 ≥0 SFOS, SFOS+!, SFOS+SFOS <50 <400

VR1noZ =3 ≥1 SFOS, SFOS+! <50 <400

VR2noZ =2 ≥2 SFOS <50 <400

N(!) N(τ ) Z-requirement Emiss
T [GeV]

VR0Z ≥4 ≥0 SFOS <50 –

VR1Z =3 ≥1 SFOS <50 –

VR2Z =2 ≥2 SFOS <50 –

TABLE VII. Observed and expected event yields in the six validation regions. Both the statistical and systematic uncertainties
are included, also taking into account correlations between irreducible and reducible backgrounds. The CLb value is also quoted
for each region.

ZZ/γ∗ tWZ tt̄ + Z V V V Higgs Reducible Σ SM Data CLb

VR0noZ 3.6 ± 0.7 0.017 ± 0.010 0.034+0.036
−0.033 0.090+0.032

−0.033 0.18 ± 0.13 0.5+0.4
−0.5 4.4 ± 0.9 3 0.29

VR1noZ 1.43 ± 0.27 0.010 ± 0.006 0.033 ± 0.022 0.071 ± 0.029 0.28 ± 0.19 7.1+1.8
−1.7 8.9+1.8

−1.7 7 0.31

VR2noZ 1.53+0.18
−0.17 0.007 ± 0.004 0.025+0.031

−0.025 0.051 ± 0.020 0.29 ± 0.13 33.2+3.3
−7.3 35.1+3.4

−7.4 32 0.37

VR0Z 184+20
−19 0.13 ± 0.07 1.2 ± 0.6 2.13 ± 0.33 4.7 ± 3.4 0.5+3.1

−0.5 193+21
−19 216 0.81

VR1Z 8.8 ± 0.9 0.039 ± 0.021 0.28 ± 0.11 0.19 ± 0.08 0.63 ± 0.16 21 ± 4 31 ± 4 32 0.55

VR2Z 8.2+1.0
−1.0 0.0027 ± 0.0021 0.09+0.12

−0.09 0.069 ± 0.013 0.61 ± 0.14 90+8
−22 99+8

−22 101 0.54

TABLE VIII. Principal experimental and theoretical system-
atic uncertainties for the irreducible and reducible background
estimation. For experimental uncertainties, the largest value
in any SR is quoted. For theoretical uncertainties, σ indi-
cates an uncertainty on the production cross-section, while
Aε indicates an uncertainty on the product of acceptance and
efficiency. The uncertainty on the reducible background is in-
dicated as a function of the number of taus required in the
final state.

Experimental Theoretical

Jet energy scale 2.4% σ: tt̄ + Z/WW [75, 76] 30%

Jet energy resolution Aε: tt̄ + Z 30–40%

5.5% σ: ZZ/γ∗ 5%

e efficiency 3.5% Aε: ZZ/γ∗ 5–20%

τ efficiency 3.3% σ: V V V /tWZ 50%

Emiss
T energy scale 2.7% σAε: V h/VBF [72] 20%

Emiss
T resolution 2.7% σAε: ggF/tt̄h [72] 100%

Luminosity 2.8% Reducible

Trigger 5% ≥0τ SRs ∼ 100%

MC sample size <∼ 30% ≥ 1τ/2τ SRs 30–50%

to MC simulated events and compared with the MC re-
ducible background estimation, as well as uncertainties
on the fake ratios.

Systematic uncertainties on the SUSY signal yields
from experimental sources typically lie in the 5–20%
range. They are usually dominated by the uncertainty on
the electron identification and reconstruction efficiency,
the electron energy scale, the JES, and the Emiss

T energy
scale and resolution. They include the uncertainties on

the signal acceptance, which are typically of the order
of a few percent and usually smaller than 10%. The ef-
fect of ISR/FSR uncertainties on the signal acceptance
is estimated by comparing samples generated with dif-
ferent amounts of ISR/FSR. Theoretical uncertainties on
cross-sections are typically of the order of 10% but can
reach values of approximately 30–40% for gluino produc-
tion. Uncertainties due to limited statistics of the MC-
simulated samples are usually less than 20–30%.

X. RESULTS

The number of events observed in each signal region is
reported in Table IX, together with background predic-
tions. Upper limits at 95% confidence level (CL) on the
number of events originating from beyond-the-SM (BSM)
phenomena for each signal region are derived using the
CLs prescription [109] and neglecting any possible sig-
nal contamination in the control regions. These limits
are calculated in a profile likelihood fit [113], where the
number of events observed in the signal region is added
as an input to the fit, and an additional parameter for
the strength of any BSM signal, constrained to be non-
negative, is derived from the fit. All systematic uncer-
tainties and their correlations are taken into account via
nuisance parameters in the fit. By normalizing the lim-
its by the integrated luminosity of the data sample, they
can be interpreted as upper limits on the visible BSM
cross-section, σvis, defined as the product of acceptance,
reconstruction efficiency and production cross-section.
The results of both the asymptotic calculations [113] and

(Left): Validation of the MC estimates for the irreducible backgrounds
(Right): Validation of the data-driven estimates for the reducible backgrounds
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ATLAS Searches and Results Multilepton search

Signal region observations
4-lepton RPV+RPC SUSY search (arXiv:1405.5086)

 [GeV]
eff

m

0 200 400 600 800 1000 1200 1400

E
v
e
n
ts

 /
 2

5
0
 G

e
V

­210

­110

1

10

210

3
10

= 8 TeVs
­1

L dt = 20.3 fb∫
ATLAS  Data 2012 Total SM

Reducible ZZ

 Ztt tWZ

Higgs VVV

)=(600,400) GeV
0

1
χ∼,±

1
χ∼0, m(≠

121
λ, 

­

1
χ∼

+

1
χ∼

SR0noZb

 [GeV]
miss
TE

0 50 100 150 200 250 300

E
v
e
n
ts

 /
 5

0
 G

e
V

­210

­110

1

10

210

= 8 TeVs
­1

L dt = 20.3 fb∫
ATLAS  Data 2012 Total SM

Reducible ZZ

 Ztt tWZ

Higgs VVV

)=(600,400) GeV
0

1
χ∼,±

1
χ∼0, m(≠

121
λ, 

­

1
χ∼

+

1
χ∼

SR0noZb

7

TABLE V. The selection requirements for the signal regions, where ! = e, µ and “SFOS” indicates two same-flavor opposite-sign
light leptons. The invariant mass of the candidate Z boson in the event selection can be constructed using two or more of the
light leptons present in the event: all possible lepton combinations are indicated for each signal region.

N(!) N(τ ) Z-veto Emiss
T [GeV] meff [GeV]

SR0noZa ≥4 ≥0 SFOS, SFOS+!, SFOS+SFOS >50 –

SR1noZa =3 ≥1 SFOS, SFOS+! >50 –

SR2noZa =2 ≥2 SFOS >75 –

SR0noZb ≥4 ≥0 SFOS, SFOS+!, SFOS+SFOS >75 or >600

SR1noZb =3 ≥1 SFOS, SFOS+! >100 or >400

SR2noZb =2 ≥2 SFOS >100 or >600

N(!) N(τ ) Z-requirement Emiss
T [GeV]

SR0Z ≥4 ≥0 SFOS >75 –

SR1Z =3 ≥1 SFOS >100 –

SR2Z =2 ≥2 SFOS >75 –

noZ regions target signals from RPV and RPC simplified
models, while the Z regions target the GGM and Z RPC
models. The noZ regions are further divided into “noZa”

regions, designed to target the RPC χ̃0
2χ̃

0
3 decays via an

Emiss
T selection, and “noZb” regions, optimized for RPV

decays and implementing a combination of selections on
Emiss

T and meff , the latter defined as the scalar sum of
the Emiss

T , the pT of signal leptons and the pT of signal
jets with pT > 40 GeV. The definitions of the different
SRs are given in Table V and discussed in more detail
below.

In four-lepton events with at least two light leptons,
the dominant SM backgrounds are rich in Z bosons, such
as those from ZZ/γ∗ and Z/γ∗+jets processes. These
can be suppressed by means of a “Z-veto”, which rejects
events where light-lepton combinations yield invariant
mass values in the 81.2–101.2 GeV interval. For events
with only two light leptons, the invariant mass combina-
tion is unambiguously constructed from the only possi-
ble choice, when it exists, of two same-flavor opposite-
sign light leptons in the event (called an SFOS pair).
When more than two light leptons are present, all possi-
ble SFOS pairs are considered. To suppress radiative Z
boson decays, combinations of an SFOS pair with an ad-
ditional light lepton (SFOS+#) and with a second SFOS
pair (SFOS+SFOS) are also taken into account.

For events that pass the Z-veto, two classes of sig-
nal regions are defined: SRxnoZa and SRxnoZb, where
x = 0, 1, 2 is the minimum number of taus required. In
SRxnoZa regions, a relatively soft requirement on Emiss

T

(>50–75 GeV) provides effective rejection of SM back-

grounds to χ̃0
2χ̃

0
3 signals, while in SRxnoZb regions, in

order to improve sensitivity to signal, events are accepted
if they satisfy either a moderate requirement on Emiss

T

(>75–100 GeV) or have a relatively large meff (>400–
600 GeV).

Three signal regions (SRxZ, where x = 0, 1, 2 is the
minimum number of taus required) are defined aimed at
the GGM and Z RPC scenarios, all requiring the pres-

ence of an SFOS light-lepton pair with invariant mass in
the 81.2–101.2 GeV mass interval. No attempt is made
to recover radiative Z boson decays in these regions.
In the Z regions, an Emiss

T selection is applied (>75–
100 GeV), to remove SM background contributions from
Z+X events.

VII. DETERMINATION OF THE STANDARD
MODEL BACKGROUND

Several SM processes can mimic a four-lepton sig-
nal. Backgrounds can be classified into “irreducible”
processes (with at least four prompt leptons) and “re-
ducible” processes (with fewer than four prompt lep-
tons). “Non-prompt leptons” include leptons originat-
ing from semileptonic decays in heavy-flavor jets or pho-
ton conversions as well as misidentified light-flavor jets.
Background events with fewer than two prompt leptons
are found to be negligible using MC simulation and are
not considered. The irreducible component of the back-
ground (ZZ/γ∗, ZWW , ZZZ, tWZ, tt̄ + Z/WW , and
Higgs boson decays) is estimated from simulation, while
the relevant reducible background (WWW , WZ/γ∗,
tt̄+W ; Z/γ∗+jets, tt̄, Wt, WW ) is estimated from data
using the “weighting method”.

In the weighting method, the number of reducible
background events in a given region is estimated from
data using MC-based probabilities for a non-prompt lep-
ton to pass or fail the signal lepton selection. Leptons
are first classified as “loose” or “tight”, based on isola-
tion criteria and reconstruction quality. Loose leptons
are baseline leptons that fail any of the other require-
ments imposed on signal leptons. Tight leptons coin-
cide with signal leptons as defined previously. The ratio
F = f/f̄ for non-prompt leptons defines the “fake ratio”,
where f (f̄) is the probability that a non-prompt lepton
is misidentified as a tight (loose) lepton.

For each SR, two control regions (CRs) are used for
the extraction of the data-driven background predictions.
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ATLAS Searches and Results Multilepton search

Benchmark model limits: strong production
4-lepton RPV+RPC SUSY search (arXiv:1405.5086)

Significant sensitivity due to unique final state and high production cross section.

Multiple couplings
explored independently
Similar sensitivity for
different light flavor
couplings, or heavy
flavor combinations
Heavy flavor (τ ) cross
section limits are
significantly weaker
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Reconstruction efficiency drops significantly when the χ̃0
1 is significantly less massive

than the g̃ and becomes boosted.
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ATLAS Searches and Results Multilepton search

Benchmark model limits: weak production
4-lepton RPV+RPC SUSY search (arXiv:1405.5086)

Sensitivity drops for lower cross-section weak production scenarios.

If mχ̃0
1
> 0.2mχ̃±

1
then a

lower limit on wino-like
charginos of 450 GeV is
observed
Similar sensitivity for
different light flavor
couplings, or heavy
flavor combinations
Heavy flavor (τ ) cross
section limits are
significantly weaker
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A limit of 400 GeV can be placed on sneutrino masses for RPV models with electron
and muon decays of the LSP.
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ATLAS Searches and Results Multijets search

Looking for SUSY in multijet events
RPV gluino 2× 3 jet search (arXiv:1210.4813)
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ATLAS Searches and Results Multijets search

Background discrimination
RPV gluino 2× 3 jet search (arXiv:1210.4813)
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ATLAS Searches and Results Multijets search

RPV gluino limits: boosted + jet counting
Boosted RPV gluino search (arXiv:1210.4813)
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Both analyses exclude top-mass region (non-trivial!)
Resolved analysis uses very tight selections and relies on MC to model jet multiplicity→
excludes up to mg̃ > 666 GeV
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ATLAS Searches and Results RPV Gluino cascades at 8 TeV

Extending the search at 8 TeV
ATLAS-CONF-2013-091

Gluino (g̃) pair production, decaying with g̃→ q̃q, q̃→ χ̃0
1q, χ̃0

1 → 3q

g̃

g̃

χ̃0
1

χ̃0
1
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p

q q

λ′′

q

q
q

q q

λ′′

q

q
q

A natural, UDD RPV model: final
state characterized by many partons

Between 10 (light quarks) and 22
(tops) partons in final state

Very challenging environment!
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ATLAS Searches and Results RPV Gluino cascades at 8 TeV

Updated multijet search for 8 TeV
ATLAS-CONF-2013-091
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New for 8 TeV: use b-tagging information to estimate branching ratios
of various RPV decays to different flavors
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ATLAS Searches and Results RPV Gluino cascades at 8 TeV

Multijet search results for 8 TeV
ATLAS-CONF-2013-091
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Set limits in the branching ratio plane: BR(t) vs. BR(b)
Constrain the gluino masses for given neutralino masses and branching
ratio assumptions
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ATLAS Searches and Results ATLAS RPV Search Summary

ATLAS RPV Search Summary
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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(""/"ν/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 ("̃ NLSP) 2 e, µ 2-4 jets Yes 4.7 tanβ<15 1208.46881.24 TeVg̃

GMSB ("̃ NLSP) 1-2 τ + 0-1 " 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
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1 0-1 e, µ 3 b Yes 20.1 m(χ̃

0
1)<300 GeV 1407.06001.3 TeVg̃
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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

"̃L,R "̃L,R, "̃→"χ̃01 2 e, µ 0 Yes 20.3 m(χ̃
0
1)=0 GeV 1403.529490-325 GeV#̃

χ̃+1 χ̃
−
1 , χ̃

+
1→"̃ν("ν̃) 2 e, µ 0 Yes 20.3 m(χ̃

0
1)=0 GeV, m("̃, 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 χ̃
0
2→"̃Lν"̃L"(ν̃ν), "ν̃"̃L"(ν̃ν) 3 e, µ 0 Yes 20.3 m(χ̃

±
1 )=m(χ̃

0
2), m(χ̃

0
1)=0, m("̃, ν̃)=0.5(m(χ̃

±
1 )+m(χ̃

0
1)) 1402.7029700 GeVχ̃±

1 , χ̃
0

2

χ̃±1 χ̃
0
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 χ̃
0
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

χ̃02χ̃
0
3, χ̃

0
2,3 →"̃R" 4 e, µ 0 Yes 20.3 m(χ̃

0
2)=m(χ̃

0
3), m(χ̃

0
1)=0, m("̃, 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.

Many other searches done and underway!

Keep an eye out for new results over the next few months

Work proceeding towards Run II
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Looking ahead to Run II LHC Startup Plan

Early Run II Expectations

Early 2015 LHC Program:

May: Stable beams operation with 50ns
bunch spacing after intensity ramp-up
June: Stable beams operation with 25ns
bunch spacing after intensity ramp-up
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Strong production processes see biggest increase! →

Outlook for 2015:

Huge increase in discovery potential
Suggests a strong focus on targeted searches
very early
Both short-term and longer-term efforts will
depend on detector performance
With 3 fb−1 many searches reach or surpass
current sensitivity
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Looking ahead to Run II Conclusions

A rich program in RPV SUSY searches

A well motivated alternative avenue compared to the standard
jet+Emiss

T searches
Performance of novel techniques demonstrated at

√
s = 7 TeV and

ongoing at
√

s = 8 TeV
Challenging background estimations but very sensitive searches
Limits are approaching the 1 TeVrange for RPV hadronic final states

Extending and enhancing the interpretations of results
Increasing the phase space of interpretations by considering mixed
branching ratios and additional couplings

Focus shifting to Run II searches
Center-of-mass energy increase dramatically enhances strong production
processes and the potential for discovery of new resonances
Expect RPV searches to play significant role in initial physics program of
Run II

D. W. Miller (EFI, Chicago) SUSY 2014 – ATLAS RPV SUSY Results Monday, July 21st, 2014 19 / 19



Backup slides and additional information

Additional Material

D. W. Miller (EFI, Chicago) SUSY 2014 – ATLAS RPV SUSY Results Monday, July 21st, 2014 1 / 13



Backup slides and additional information Multijet search information

Control region definitions
Boosted RPV gluino search (arXiv:1210.4813)

Region Jet (J1) selections Jet (J2) selections Description

CR-A mjet < Mthreshold mjet < Mthreshold
Low-mass jets,
to validate τ32 shape

CR-B
mjet > Mthreshold mjet < Mthreshold

Signal-like leading jet,
τ32 < 0.7 to validate mjet

CR-C mjet < Mthreshold
mjet > Mthreshold Signal-like subleading
τ32 < 0.7 jet, to validate mjet

Accounting for correlations between control regions:

NSR = NCR−C ×
(

NCR−B

NCR−A

)
× αMC (1)

α =

(
NSR /NCR−C

NCR−B /NCR−A

)∣∣∣∣
POWHEG MC

(2)

Syst: jet kinematic and tagging ssytematics in each signal and control region separately
MC Syst: difference between POWHEG and PYTHIA is taken as an additional systematic
uncertainty
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Backup slides and additional information Multijet search information

Trimmed jet mass correlations (mjet > 100 GeV)
Boosted RPV gluino search (arXiv:1210.4813)

Correlations between leading and subleading (in pjet
T ) jet masses
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Data: 10.1%, POWHEG: 10.9% (trimmed)
Excellent agreement between data and POWHEG at high leading-jet mass
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Backup slides and additional information Multijet search information

Boosted gluino mass distributions
Boosted RPV gluino search (arXiv:1210.4813)
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Distinct signature of RPV g̃
Incomplete “merging” of g̃ decay products for mg̃ =300 GeV, but still good discrimination
(peak at mjet ≈ 275 GeV)
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Backup slides and additional information Open (and closed) Answers

Attractive “Answer” to some of the open questions: SUSY

Supersymmetry (SUSY) provides not only an attractive, and seemingly
natural symmetry, by relating fermions to bosons, but also hopes to solve a
few of the problems mentioned above.

A potential Dark
Matter candidate

If R-parity is
conserved

The potential for
unifying the Strong,
electromagnetic, and
weak forces

Stabilizing the Higgs
mass
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Attractive “Answer” to some of the open questions: SUSY

Supersymmetry (SUSY) provides not only an attractive, and seemingly
natural symmetry, by relating fermions to bosons, but also hopes to solve a
few of the problems mentioned above.

R-Parity Violating (RPV) 
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Backup slides and additional information Open (and closed) Answers

Attractive “Answer” to some of the open questions: SUSY

Supersymmetry (SUSY) provides not only an attractive, and seemingly
natural symmetry, by relating fermions to bosons, but also hopes to solve a
few of the problems mentioned above.

6 8 10 12 14 16
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Fig. 1. Running couplings in the SSM at one-loop, matching to the full SUSY running

at mt; from top to bottom, α−1
1 , α−1

2 , α−1
3 . We use α−1

1 (MZ) = 58.98±.04, α−1
2 (MZ) =

29.57 ± .03, and α−1
3 (MZ) = 8.40 ± .14.

in supersymmetric theories, the gravitino and moduli, are associated with a variety

of cosmological difficulties.

1.2 A Failure of Naturalness

Of course none of these challenges are insurmountable, and indeed attacking them

has defined the program of supersymmetric model-building for the last twenty years.

Leaving the basic structure of the SSM unaltered, various mechanisms have been

invented to address these problems.

In this paper, we will instead suggest a simple but drastic modification of the usual

supersymmetric picture of the world, which will in a single stroke remove all the phe-

nomenological difficulties while automatically preserving the concrete successes of the

SSM. In order to motivate our proposal, let us recall the usual logic leading to the pre-

diction of weak-scale SUSY. Nature may well be supersymmetric at short distances,

perhaps because SUSY is required for a consistent theory of quantum gravity. How-

ever, given that the low-energy theory does not exhibit bose-fermi degeneracy, SUSY

must be broken. Let the scale of SUSY breaking in the SSM be mS; the low-energy

theory beneath mS is non-supersymmetric, and therefore the Higgs mass parameter

2

(Arkani-Hamed and Dimopoulos, 2004 [4])
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Backup slides and additional information SUSY Searches

The Ingredients of a SUSY Search
A decades-old approach using jets+Emiss

T

Squarks (q̃) and gluinos (g̃) are strongly
produced in pairs

Dominant production mode
Preference for q̃ vs. g̃ depends on mq̃ vs. mg̃

Decay chain leads to many jets and Emiss
T

Frequent assumption: Neutralino (χ̃0
1) is

the lightest super symmetric particle and
escapes detection, creating Emiss

T
Leptons also possible

Search strategies so far have relied on
number of jets and Emiss

T

HT =
∑
jets

pjet
T +

∑
leptons

pleptons
T + ...


Meff = Emiss

T + HT

SUSY and the LHC - 8th January 2013 - LBNL

What processes are we looking for?
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Backup slides and additional information SUSY Search Summary

Model e, µ, τ, γ Jets Emiss

T

∫
L dt[fb−1] Mass limit Reference
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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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Direct Stop (̃t) Search Summary

 [GeV]
1t

~m

200 300 400 500 600 700

 [G
eV

]
10 χ∼

m

0

50

100

150

200

250

300

350

400

450

500

1

0χ∼ t →1t
~

1

0χ∼ t →1t
~

1

0χ∼ t →1t
~

1

0χ∼ W b →1t
~

1

0χ∼ c →1t
~

1

0χ∼b f f’ 

1

0
χ∼

+mt
 <

 m
1t~

m

1

0
χ∼

 +
 m

W

 +
 m

b

 <
 m

1t~
m

1
0

χ∼

 +
 m

c

/m
b

 <
 m

1t~
m

1

0χ∼ t →1t
~

 / 
1

0χ∼ W b →1t
~

 / 
1

0χ∼ c →1t
~

 / 
1

0χ∼ b f f’ →1t
~

 production, 1t
~
1t

~ Status: ICHEP 2014

ATLAS Preliminary

-1 = 4.7 fbintL -1 = 20 fbintL
1

0χ∼W b 
-1 = 20.3 fbintL

1

0χ∼c 

1

0χ∼b f f’ 

-1 = 20.3 fbintL

Observed limits Expected limits
All limits at 95% CL

=8 TeVs -1 = 20 fbintL =7 TeVs -1 = 4.7 fbintL

0L [1406.1122]

1L [1407.0583]

2L [1403.4853]

1L [1407.0583], 2L [1403.4853]

0L [1407.0608]

0L [1407.0608], 1L [1407.0583]

0L [1208.1447]

1L [1208.2590]

2L [1209.4186]

-

-

-

200 300 400 500 600
0

50

100

150

200

250

300

350

  ( = 150 GeV)
1

0
χ∼

 < m
1

±χ∼ m

 ( = 106 GeV)
1

0
χ∼

< m
1

±χ∼m

 [GeV]
1

t~m

200 300 400 500 600
0

50

100

150

200

250

300

350

-1
0 

G
eV

)

1t~

 =
 m

1
±

χ∼

 ( 
m

1
0

χ∼

 <
 m

1
±

χ∼ m

 [GeV]
1

t~m

200 300 400 500 600

 [G
eV

]
10 χ∼

m

0

50

100

150

200

250

300

350

 < 103.5 GeV
1

±χ∼m

)
1

0
χ∼ m×

 = 2 

1
±
χ∼ ( m

1
±
χ∼+m

b
 < m
1t~m

200 300 400 500 600

 [G
eV

]
10 χ∼

m

0

50

100

150

200

250

300

350

+5
 G

eV
)

1
0

χ∼

 =
 m

1
±

χ∼

 ( 
m

1
±

χ∼
+m

b

 <
 m

1t~
m

 < 103.5 GeV
1

±χ∼m

LEP
Observed limits
Expected limits

All limits at 95% CL

 

 

 + 5 GeV
1

0
χ∼

 = m±
1

χm

 + 20 GeV
1

0
χ∼

 = m±
1

χm

 

 

 

 = 150 GeV±
1

χm

 = 106 GeV±
1

χm

 = 106 GeV±
1

χm

 

 
1

0
χ∼

 m× = 2 ±
1

χm

1

0
χ∼

 m× = 2 ±
1

χm

  - 10 GeV
1

t
~ = m±

1
χm

ATLAS Preliminary, =8 TeV,s -1 = 20 fbintL Status: ICHEP 2014,
1

0χ∼ (*)
 W→

1

±χ∼, 
1

±χ∼ b → 1t
~

 production, 1t
~
1t

~

0-1L [1308.2631], [1407.0583]

0-1L [1308.2631], [1407.0583]

0-1L [1308.2631], [1407.0583]

1-2L [1407.0583], [1403.4853]

=7 TeVs -1 = 4.7 fb
int

1-2L [1208.4305], [1209.2102] L

1-2L [1407.0583], [1403.4853]1-2L [1407.0583], [1403.4853]

=7 TeVs -1 = 4.7 fb
int

1-2L [1209.2102] L

D. W. Miller (EFI, Chicago) SUSY 2014 – ATLAS RPV SUSY Results Monday, July 21st, 2014 8 / 13



Backup slides and additional information R-parity violation and baryon number violating decays

The RPV superpotential

Direct decay of sparticles to SM particles can occur via in the R-parity
violation (RPV) superpotential, W6Rp , via three general terms:

W6Rp =
1
2
λijkLiLjĒk + λ′ijkLiQjD̄k +

1
2
λ′′ijkŪiD̄jD̄k + κiLiH2

Trilinear baryon number violating term: UDD

The UDD term is generally least constrained via collider experiments, in part
because the all-hadronic decays are hard to constrain.
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Luminosity in 2011 and 2012
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Bunch structure information
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 2 

• The possibility of offset collisions in LHCb 
• The LHC injection kicker flat top cannot exceed 7.86µs 

• Optimization of the pattern to minimize pacman bunches – essentially by attempting to 
generate four-fold symmetry. 

• Additional constraints on the bunch structure coming from the injector chain also exist 

It should be noted that in each case the particularities of the scheme determines the number of 
bunches in each LHC ring. However for each scheme the bunch characteristics, such as 
intensity and emittance, can be varied within the limits imposed by the LHC and its injector 
chain. For example, the intensity per bunch can be varied in all cases from a minimum of 
around 5x109 protons to a maximum presently limited by the stored beam power in the 
machine.  

2. The 25 ns Scheme 
This is the principal scheme that will be used for high luminosity operation. The beam is 
arranged in the form of 39 batches of 72 bunches. The bunches in each batch are spaced at 
25ns. Between the batches are gaps to allow for the SPS and LHC kicker rise times. This 
makes a total of 2808 bunches per LHC ring.   

The scheme is illustrated in Figure 1. As with all the schemes described here, bunch 1 is 
defined to be the first bunch after the beam dump gap. The filling scheme can be described in 
the following form:  

3564 =  [2x ( 72b + 8e) + 30e] + [3x ( 72b + 8e) + 30e] + [4x ( 72b + 8e) + 31e] +  
3x {2x [3x ( 72b + 8e) + 30e] + [4x ( 72b + 8e) + 31e ]} + 80e 

−

 
Figure 1: Schematic of the Bunch Disposition around an LHC Ring  

for the 25ns Filling Scheme 
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Limits on λ′′

From Barbier, et al. [5] R. Barbier et al. / Physics Reports 420 (2005) 1–195 111

Table 6.1 (continued)

Charged current Neutral current Other processes

!′
i22 10−2 s̃m̃−1/2 [m" < 1 eV]

(m̃d 2
LR22 = m̃ms) (5.12)

!′
i33 4× 10−4 b̃m̃−1/2 [m" < 1 eV]

(m̃d 2
LR33 = m̃mb) (5.12)

!′′
11k (10−8.10−7)(108s/#osc)m̃

5/2

[nn̄] (6.128)
!′′
112 10−6 [NN ] (m̃ = 300GeV) (6.131)

6× 10−17 s̃2R (m3/2/1 eV)

[p → K+G̃] (6.121)
8× 10−17 C−1

q s̃2R (Fa/1010 GeV)

[p → K+ã] (6.122)
!′′
113 10−3 [NN ] (m̃ = 300GeV) (6.131)

!′′
123 1.25 [RG]

!′′
212 1.25 [RG]

!′′
213 1.25 [RG]

!′′
223 1.25 [RG]

!′′
312 1.45 [Rl ] (6.41) 4.28 [RG]

(m̃ = 100GeV) 2.1× 10−3 [nn̄] (6.129)
!′′
313 1.46 [Rl ] (6.41) 1.12 [RG]

(m̃ = 100GeV) 2.6× 10−3 [nn̄] (6.129)
!′′
323 1.46 [Rl ] (6.41) 1.12 [RG]

(m̃ = 100GeV)

!′′
ijk (10−11 m̃3.10−8 m̃2)

×(m3/2/1 eV) [p → K+G̃](6.123)
×(Fa/1010 GeV) [p → K+ã] (6.124)

We use the notation Vij for the CKM matrix, Rl, Rl l′ , RD, RZ
l for various branching fractions or ratios of branching fractions as defined in

the text, QW for the weak charge, "q, "l for the neutrino elastic scattering on quarks and leptons, m" for the neutrino Majorana mass, RG for the
renormalization group, AFB for forward–backward asymmetry,QW (Cs) for atomic physics parity violation, nn̄ for neutron–antineutron oscillation
andNN for two nucleon nuclear decay, [KK̄], forK0−K̄0 mixing . The generation indices denoted i, j, k run over the three generations while those
denoted l, m, n run over the first two generations. The dependence on the superpartner mass follows the notational convention m̃p = ( m̃

100 GeV )p .
Aside from a few cases associated with one-loop effects, we use the reference value m̃ = 100 GeV. The quoted equation labels refer to equations in
the text.

O((mimjmk/v
3)1/3), where mj denote the q, l masses. A variety of alternative forms for the generation dependence

are suggested by considerations based on the physics of discrete symmetries or grand unified and string theories. Just
on the basis of the existing experimental constraints, one can check that the individual coupling constant bounds, as
given in Table 6.1 fall in an interval of values O(10−1).O(10−2) which interpolates between the above two extreme
estimates.

6.5.2.2. Impact of the SUSY masses on the bounds. A second observation concerns the dependence of the indirect
bounds with respect to the superpartner mass parameters. Our reference value for the supersymmetry breaking mass
parameter is set uniformly at m̃ = 100GeV, apart from a very few exceptions. The tree level mechanisms have, of
course, a transparent dependence on the superpartnersmasses, such that the single or quadratic coupling constant bounds
scale linearly or quadratically with m̃. Several tree level dominated observables involve a single superpartner species,
which then allows us to identify the relevant sfermion by indicating explicitly its particle name. The bounds associated
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