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I. INTRODUCTION

The experiments of the Large Hadron Collider (LHC) at CERN are now searching ex-

tensively for signals of supersymmetry (SUSY). So far, the experiments have announced no

definitive sign of new physics. Instead, they have used the first 1 fb�1 of data to perform

an impressive number of searches that have produced increasingly strong limits on colored

superparticles decaying to missing energy [1–23]. These limits have led some to conclude,

perhaps prematurely, that SUSY is “ruled out” below 1 TeV. We would like to revisit this

statement and understand whether or not SUSY remains a compelling paradigm for new

physics at the weak scale. If SUSY is indeed still interesting, it is natural to ask: what are

the best channels to search for it from now on? After all, the first fb�1 at 7 TeV were the

“early days” for the LHC, with many superparticles still out of reach.

We believe that naturalness provides a useful criterion to address the status of SUSY.

Supersymmetry at the electroweak scale is motivated by solving the gauge hierarchy prob-

lem and natural electroweak symmetry breaking is the leading motivation for why we might

expect to discover superpartners at the LHC. The naturalness requirement is elegantly sum-

marized by the following tree-level relation in the Minimal Supersymmetric Standard Model

(MSSM),

�
m

2
Z

2
= |µ|

2 + m
2
Hu

. (1)

If the superpartners are too heavy, the contributions to the right-hand side must be tuned

against each other to achieve electroweak symmetry breaking at the observed energy scale1.

Eq. 1 also provides guidance towards understanding which superparticles are required to

be light, i.e., it defines the minimal spectrum for “Natural SUSY”. As we review in detail in

Sect. II, the masses of the superpartners with the closest ties to the Higgs must not be too

far above the weak scale. In particular, the higgsinos should not be too heavy because their

mass is controlled by µ. The stop and gluino masses, correcting m
2
Hu

at one and two-loop

order, respectively, also cannot be too heavy. The masses of the rest of the superpartners,

including the squarks of the first two generations, are not important for naturalness and can

1 We note that equation 1 applies to the tree-level MSSM at moderate to large tan �, but, as we will discuss

below, similar relations hold more generally.
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18 27. Dark Matter

mass parameter space, above masses of 0.3 GeV.

Figure 27.1: Upper limits on the SI DM-nucleon cross section as a function of DM mass.

27.7 Astrophysical detection of dark matter
DM as a microscopic constituent can have measurable, macroscopic e�ects on astrophysical

systems. Indirect DM detection refers to the search for the annihilation or decay debris from DM
particles, resulting in detectable species, including especially gamma rays, neutrinos, and antimatter
particles. The production rate of such particles depends on (i) the annihilation (or decay) rate (ii)
the density of pairs (respectively, of individual particles) in the region of interest, and (iii) the
number of final-state particles produced in one annihilation (decay) event. In formulae, the rate
for production of a final state particle f per unit volume from DM annihilation can be cast as

≈
A

f = c
fl

2

DM

m
2

DM

È‡vÍN
A

f , (27.18)

where È‡vÍ indicates the thermally-averaged cross section for DM annihilation times relative velocity
[27], calculated at the appropriate temperature, flDM is the physical density of DM, and N

A

f
is the

number of final state particles f produced in one individual annihilation event. The constant c

depends on whether the DM is its on antiparticle, in which case c = 1/2, or if there is a mixture of
DM particles and antiparticles (in case there is no asymmetry, c = 1/4). The analog for decay is

≈
D

f = flDM

mDM

1
·DM

N
D

f , (27.19)

with the same conventions for the symbols, and where ·DM is the DM’s lifetime.
Gamma Rays: DM annihilation to virtually any final state produces gamma rays: emis-

sion processes include the dominant two-photon decay mode of neutral pions resulting from the
hadronization of strongly-interacting final states; final state radiation; and internal bremsshtralung,
the latter two including, possibly, the emission of massive gauge or Higgs bosons subsequently pro-
ducing photons via their decay products. Similarly, neutrinos are produced from charged pion
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Introduction: SUSY (G � 2)µ and MSSM (G � 2)µ and NMSSM

One-Loop Contributions in the MSSM [Martin,Wells (2001)]

Chargino / Sneutrino Loop:
Dominant contribution;
Linear dependance on tan �;
Same sign as the SUSY parameter µ: µ > 0 favoured;
Light chargino/Sneutrino required.

Neutralino / Smuon Loop:
Can be large enough even for low values of tan � when there is a light neutralino ⇠ bino.

⇣
�aµ

⌘MSSM

1L
⇠ ↵

2⇡

 
mµ

MSUSY

!2

tan � sign(µM2)

EWKinos	/	sleptons	contribute	to	muon’s	g-2		

dark	ma9er	Ωh2	favors	light	W/B/H	and	l	~ ~ ~ ~

4 62. The muon anomalous magnetic moment

large-NC QCD [30–36]. 4 Following [34], one finds for the sum of the three terms

aHad
µ [N(N)LO] = 19(26) × 10−11 , (62.12)

where the error is dominated by hadronic light-by-light uncertainty.

Adding Eqs. (62.6), (62.9), (62.11) and (62.12) gives the representative e+e− data
based SM prediction

aSM
µ = 116 591 823(1)(34)(26)× 10−11 , (62.13)

where the errors are due to the electroweak, lowest-order hadronic, and higher-order
hadronic contributions, respectively. The difference between experiment and theory

∆aµ = aexp
µ − aSM

µ = 268(63)(43)× 10−11 , (62.14)

where the errors are from experiment and theory prediction (with all errors combined
in quadrature), respectively, represents an interesting but not conclusive discrepancy of
3.5 times the combined 1σ error. All the recent estimates for the hadronic contribution
compiled in Fig. 62.2 exhibit similar discrepancies.

An exciting interpretation is that ∆aµ may be a new physics signal with supersymmetric
particle loops as the leading candidate explanation. Such a scenario is quite natural, since
generically, supersymmetric models predict [1] an additional contribution to aSM

µ

aSUSY
µ # ± 130 × 10−11 ·

(

100 GeV

mSUSY

)2

tanβ , (62.15)

where mSUSY is a representative supersymmetric mass scale, tanβ # 3–40 a potential
enhancement factor, and ±1 corresponds to the sign of the µ term in the supersymmetric
Lagrangian. Supersymmetric particles in the mass range 100–500 GeV could be the
source of the deviation ∆aµ. If so, those particles should be directly observable at the
Large Hadron Collider at CERN. So far, there is however no direct evidence in support
of the supersymmetry interpretation.

New physics effects [1] other than supersymmetry could also explain a non-vanishing
∆aµ. A popular scenario involves the “dark photon”, a relatively light hypothetical
vector boson from the dark matter sector that couples to our world of particle physics
through mixing with the ordinary photon [38,39,40]. As a result, it couples to ordinary
charged particles with strength ε · e and gives rise to an additional muon anomalous
magnetic moment contribution

adark photon
µ =

α

2π
ε2F (mV /mµ) , (62.16)

4 Some representative recent estimates of the hadronic light-by-light scattering contri-

bution, aHad,LBL
µ [NLO], that followed after the sign correction of [32], are: 105(26) ×

10−11 [34], 110(40) × 10−11 [30], 136(25) × 10−11 [31].

December 1, 2017 09:36
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Bk and Bq.—Two fast transients induced by the dynam-
ics of charging the ESQ system and firing the SR kicker
magnet slightly influence the actual average field seen by
the beam compared to its NMR-measured value as
described above and in Ref. [61]. An eddy current induced
locally in the vacuum chamber structures by the kicker
system produces a transient magnetic field in the storage
volume. A Faraday magnetometer installed between the
kicker plates measured the rotation of polarized light in a
terbium-gallium-garnet crystal from the transient field to
determine the correction Bk.

The second transient arises from charging the ESQs,
where the Lorentz forces induce mechanical vibrations in
the plates that generate magnetic perturbations. The ampli-
tudes and sign of the perturbations vary over the two
sequences of eight distinct fills that occur in each 1.4 s
accelerator supercycle. Customized NMR probes measured
these transient fields at several positions within one ESQ
and at the center of each of the other ESQs to determine
the average field throughout the quadrupole volumes.
Weighting the temporal behavior of the transient fields
by the muon decay rate, and correcting for the azimuthal
fractions of the ring coverage, 8.5% and 43% respectively,
each transient provides final corrections Bk and Bq to aμ as
listed in Table II.

V. COMPUTING aμ AND CONCLUSIONS

Table I lists the individual measurements of ωa and ω̃0
p,

inclusive of all correction terms in Eq. (4), for the four run
groups, as well as their ratios, R0

μ (the latter multiplied by
1000). The measurements are largely uncorrelated because
the run-group uncertainties are dominated by the statistical
uncertainty on ωa. However, most systematic uncertainties
for both ωa and ω̃0

p measurements, and hence for the ratios
R0

μ, are fully correlated across run groups. The net computed
uncertainties (and corrections) are listed in Table II. The fit
of the four run-group results has a χ2=n:d:f: ¼ 6.8=3,
corresponding to Pðχ2Þ ¼ 7.8%; we consider the Pðχ2Þ to
be a plausible statistical outcome and not indicative of
incorrectly estimated uncertainties. The weighted-average
value isR0

μ ¼ 0.003 707 300 3ð16Þð6Þ, where the first error
is statistical and the second is systematic [82]. From Eq. (2),
we arrive at a determination of the muon anomaly

aμðFNALÞ ¼ 116 592 040ð54Þ × 10−11 ð0.46 ppmÞ;

where the statistical, systematic, and fundamental constant
uncertainties that are listed in Table II are combined in
quadrature. Our result differs from the SMvalue by 3.3σ and
agrees with the BNL E821 result. The combined exper-
imental (Exp) average [83] is

aμðExpÞ ¼ 116 592 061ð41Þ × 10−11 ð0.35 ppmÞ:

The difference, aμðExpÞ − aμðSMÞ ¼ ð251$ 59Þ × 10−11,
has a significance of 4.2σ. These results are displayed
in Fig. 4.
In summary, the findings here confirm the BNL exper-

imental result and the corresponding experimental average
increases the significance of the discrepancy between the
measured and SM predicted aμ to 4.2σ. This result will
further motivate the development of SM extensions,
including those having new couplings to leptons.
Following the Run-1 measurements, improvements to

the temperature in the experimental hall have led to greater

TABLE II. Values and uncertainties of the R0
μ correction terms

in Eq. (4), and uncertainties due to the constants in Eq. (2) for aμ.
Positive Ci increase aμ and positive Bi decrease aμ.

Quantity
Correction
terms (ppb)

Uncertainty
(ppb)

ωm
a (statistical) % % % 434

ωm
a (systematic) % % % 56

Ce 489 53
Cp 180 13
Cml −11 5
Cpa −158 75

fcalibhωpðx; y;ϕÞ ×Mðx; y;ϕÞi % % % 56
Bk −27 37
Bq −17 92

μ0pð34.7°Þ=μe % % % 10
mμ=me % % % 22
ge=2 % % % 0

Total systematic % % % 157
Total fundamental factors % % % 25
Totals 544 462

FIG. 4. From top to bottom: experimental values of aμ from
BNL E821, this measurement, and the combined average. The
inner tick marks indicate the statistical contribution to the total
uncertainties. The Muon g − 2 Theory Initiative recommended
value [13] for the standard model is also shown.

PHYSICAL REVIEW LETTERS 126, 141801 (2021)
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q̃q̃, q̃→qχ̃
0
1

0 e, µ 2-6 jets Emiss
T 36.1 m(χ̃

0
1)<100 GeV 1712.023321.55q̃ [2×, 8× Degen.] 0.9q̃ [2×, 8× Degen.]

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

0
1)=5 GeV 1711.033010.71q̃ [1×, 8× Degen.] 0.43q̃ [1×, 8× Degen.]

g̃g̃, g̃→qq̄χ̃
0
1

0 e, µ 2-6 jets Emiss
T 36.1 m(χ̃

0
1)<200 GeV 1712.023322.0g̃

m(χ̃
0
1)=900 GeV 1712.023320.95-1.6g̃̃g Forbidden

g̃g̃, g̃→qq̄("")χ̃
0
1

3 e, µ 4 jets 36.1 m(χ̃
0
1)<800 GeV 1706.037311.85g̃

ee, µµ 2 jets Emiss
T 36.1 m(g̃)-m(χ̃

0
1 )=50 GeV 1805.113811.2g̃

g̃g̃, g̃→qqWZχ̃
0
1

0 e, µ 7-11 jets Emiss
T 36.1 m(χ̃

0
1) <400 GeV 1708.027941.8g̃

3 e, µ 4 jets 36.1 m(g̃)-m(χ̃
0
1)=200 GeV 1706.037310.98g̃

g̃g̃, g̃→tt̄χ̃
0
1

0-1 e, µ 3 b Emiss
T 79.8 m(χ̃

0
1)<200 GeV ATLAS-CONF-2018-0412.25g̃

3 e, µ 4 jets 36.1 m(g̃)-m(χ̃
0
1)=300 GeV 1706.037311.25g̃

b̃1b̃1, b̃1→bχ̃
0
1/tχ̃

±
1

Multiple 36.1 m(χ̃
0
1)=300 GeV, BR(bχ̃

0
1)=1 1708.09266, 1711.033010.9b̃1b̃1 Forbidden

Multiple 36.1 m(χ̃
0
1)=300 GeV, BR(bχ̃

0
1)=BR(tχ̃

±
1 )=0.5 1708.092660.58-0.82b̃1b̃1 Forbidden

Multiple 36.1 m(χ̃
0
1)=200 GeV, m(χ̃

±
1 )=300 GeV, BR(tχ̃

±
1 )=1 1706.037310.7b̃1b̃1 Forbidden

b̃1b̃1, b̃1→bχ̃
0
2 → bhχ̃

0
1

0 e, µ 6 b Emiss
T 139 ∆m(χ̃

0
2 , χ̃

0
1)=130 GeV, m(χ̃

0
1)=100 GeV SUSY-2018-310.23-1.35b̃1b̃1 Forbidden

∆m(χ̃
0
2 , χ̃

0
1)=130 GeV, m(χ̃

0
1)=0 GeV SUSY-2018-310.23-0.48b̃1b̃1

t̃1 t̃1, t̃1→Wbχ̃
0
1 or tχ̃

0
1

0-2 e, µ 0-2 jets/1-2 b Emiss
T 36.1 m(χ̃

0
1)=1 GeV 1506.08616, 1709.04183, 1711.115201.0t̃1

t̃1 t̃1, Well-Tempered LSP Multiple 36.1 m(χ̃
0
1)=150 GeV, m(χ̃

±
1 )-m(χ̃

0
1)=5 GeV, t̃1 ≈ t̃L 1709.04183, 1711.115200.48-0.84t̃1t̃1

t̃1 t̃1, t̃1→τ̃1bν, τ̃1→τG̃ 1 τ + 1 e,µ,τ 2 jets/1 b Emiss
T 36.1 m(τ̃1)=800 GeV 1803.101781.16t̃1

t̃1 t̃1, t̃1→cχ̃
0
1 / c̃c̃, c̃→cχ̃

0
1

0 e, µ 2 c Emiss
T 36.1 m(χ̃

0
1)=0 GeV 1805.016490.85c̃

m(t̃1,c̃)-m(χ̃
0
1 )=50 GeV 1805.016490.46t̃1

0 e, µ mono-jet Emiss
T 36.1 m(t̃1,c̃)-m(χ̃

0
1)=5 GeV 1711.033010.43t̃1

t̃2 t̃2, t̃2→t̃1 + h 1-2 e, µ 4 b Emiss
T 36.1 m(χ̃

0
1)=0 GeV, m(t̃1)-m(χ̃

0
1)= 180 GeV 1706.039860.32-0.88t̃2

χ̃±
1
χ̃0

2 via WZ 2-3 e, µ Emiss
T 36.1 m(χ̃

0
1)=0 1403.5294, 1806.022930.6χ̃±

1 /χ̃
0

2
ee, µµ ≥ 1 Emiss

T 36.1 m(χ̃
±
1 )-m(χ̃

0
1)=10 GeV 1712.081190.17χ̃±

1 /χ̃
0

2

χ̃±
1
χ̃∓

1 via WW 2 e, µ Emiss
T 139 m(χ̃

0
1)=0 ATLAS-CONF-2019-0080.42χ̃±

1

χ̃±
1
χ̃0

2 via Wh 0-1 e, µ 2 b Emiss
T 36.1 m(χ̃

0
1)=0 1812.094320.68χ̃±

1 /χ̃
0

2

χ̃±
1
χ̃∓

1 via "̃L/ν̃ 2 e, µ Emiss
T 139 m("̃,ν̃)=0.5(m(χ̃

±
1 )+m(χ̃

0
1)) ATLAS-CONF-2019-0081.0χ̃±

1

χ̃±
1
χ̃∓

1 /χ̃
0
2, χ̃

+

1→τ̃1ν(τν̃), χ̃
0
2→τ̃1τ(νν̃) 2 τ Emiss

T 36.1 m(χ̃
0
1)=0, m(τ̃, ν̃)=0.5(m(χ̃

±
1 )+m(χ̃

0
1)) 1708.078750.76χ̃±

1 /χ̃
0

2

m(χ̃
±
1 )-m(χ̃

0
1 )=100 GeV, m(τ̃, ν̃)=0.5(m(χ̃

±
1 )+m(χ̃

0
1)) 1708.078750.22χ̃±

1 /χ̃
0

2

"̃L,R "̃L,R, "̃→"χ̃
0
1

2 e, µ 0 jets Emiss
T 139 m(χ̃

0
1)=0 ATLAS-CONF-2019-0080.7"̃

2 e, µ ≥ 1 Emiss
T 36.1 m("̃)-m(χ̃

0
1 )=5 GeV 1712.081190.18"̃

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

0
1 → hG̃)=1 1806.040300.29-0.88H̃ 0.13-0.23H̃

4 e, µ 0 jets Emiss
T 36.1 BR(χ̃

0
1 → ZG̃)=1 1804.036020.3H̃

Direct χ̃
+

1
χ̃−

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

T 36.1 Pure Wino 1712.021180.46χ̃±
1

Pure Higgsino ATL-PHYS-PUB-2017-0190.15χ̃±
1

Stable g̃ R-hadron Multiple 36.1 1902.01636,1808.040952.0g̃

Metastable g̃ R-hadron, g̃→qqχ̃
0
1

Multiple 36.1 m(χ̃
0
1)=100 GeV 1710.04901,1808.040952.4g̃ [τ( g̃) =10 ns, 0.2 ns] 2.05g̃ [τ( g̃) =10 ns, 0.2 ns]

LFV pp→ν̃τ + X, ν̃τ→eµ/eτ/µτ eµ,eτ,µτ 3.2 λ′311=0.11, λ132/133/233=0.07 1607.080791.9ν̃τ

χ̃±
1
χ̃∓

1 /χ̃
0
2 → WW/Z""""νν 4 e, µ 0 jets Emiss

T 36.1 m(χ̃
0
1)=100 GeV 1804.036021.33χ̃±

1 /χ̃
0

2 [λi33 ! 0, λ12k ! 0] 0.82χ̃±
1 /χ̃

0

2 [λi33 ! 0, λ12k ! 0]

g̃g̃, g̃→qqχ̃
0
1, χ̃

0
1 → qqq 4-5 large-R jets 36.1 Large λ′′

112 1804.035681.9g̃ [m(χ̃
0

1)=200 GeV, 1100 GeV] 1.3g̃ [m(χ̃
0

1)=200 GeV, 1100 GeV]
Multiple 36.1 m(χ̃

0
1)=200 GeV, bino-like ATLAS-CONF-2018-0032.0g̃ [λ′′

112
=2e-4, 2e-5] 1.05g̃ [λ′′

112
=2e-4, 2e-5]

t̃t̃, t̃→tχ̃
0
1, χ̃

0
1 → tbs Multiple 36.1 m(χ̃

0
1)=200 GeV, bino-like ATLAS-CONF-2018-0031.05g̃ [λ′′

323
=2e-4, 1e-2] 0.55g̃ [λ′′

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

t̃1 t̃1, t̃1→bs 2 jets + 2 b 36.7 1710.071710.61t̃1 [qq, bs] 0.42t̃1 [qq, bs]

t̃1 t̃1, t̃1→q" 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 ATLAS-CONF-2019-0061.6t̃1 [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]
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q̃q̃, q̃→qχ̃
0
1

0 e, µ 2-6 jets Emiss
T 36.1 m(χ̃

0
1)<100 GeV 1712.023321.55q̃ [2×, 8× Degen.] 0.9q̃ [2×, 8× Degen.]

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

0
1)=5 GeV 1711.033010.71q̃ [1×, 8× Degen.] 0.43q̃ [1×, 8× Degen.]

g̃g̃, g̃→qq̄χ̃
0
1

0 e, µ 2-6 jets Emiss
T 36.1 m(χ̃

0
1)<200 GeV 1712.023322.0g̃

m(χ̃
0
1)=900 GeV 1712.023320.95-1.6g̃̃g Forbidden

g̃g̃, g̃→qq̄("")χ̃
0
1

3 e, µ 4 jets 36.1 m(χ̃
0
1)<800 GeV 1706.037311.85g̃

ee, µµ 2 jets Emiss
T 36.1 m(g̃)-m(χ̃

0
1 )=50 GeV 1805.113811.2g̃

g̃g̃, g̃→qqWZχ̃
0
1

0 e, µ 7-11 jets Emiss
T 36.1 m(χ̃

0
1) <400 GeV 1708.027941.8g̃

3 e, µ 4 jets 36.1 m(g̃)-m(χ̃
0
1)=200 GeV 1706.037310.98g̃

g̃g̃, g̃→tt̄χ̃
0
1

0-1 e, µ 3 b Emiss
T 79.8 m(χ̃

0
1)<200 GeV ATLAS-CONF-2018-0412.25g̃

3 e, µ 4 jets 36.1 m(g̃)-m(χ̃
0
1)=300 GeV 1706.037311.25g̃

b̃1b̃1, b̃1→bχ̃
0
1/tχ̃

±
1

Multiple 36.1 m(χ̃
0
1)=300 GeV, BR(bχ̃

0
1)=1 1708.09266, 1711.033010.9b̃1b̃1 Forbidden

Multiple 36.1 m(χ̃
0
1)=300 GeV, BR(bχ̃

0
1)=BR(tχ̃

±
1 )=0.5 1708.092660.58-0.82b̃1b̃1 Forbidden

Multiple 36.1 m(χ̃
0
1)=200 GeV, m(χ̃

±
1 )=300 GeV, BR(tχ̃

±
1 )=1 1706.037310.7b̃1b̃1 Forbidden

b̃1b̃1, b̃1→bχ̃
0
2 → bhχ̃

0
1

0 e, µ 6 b Emiss
T 139 ∆m(χ̃

0
2 , χ̃

0
1)=130 GeV, m(χ̃

0
1)=100 GeV SUSY-2018-310.23-1.35b̃1b̃1 Forbidden

∆m(χ̃
0
2 , χ̃

0
1)=130 GeV, m(χ̃

0
1)=0 GeV SUSY-2018-310.23-0.48b̃1b̃1

t̃1 t̃1, t̃1→Wbχ̃
0
1 or tχ̃

0
1

0-2 e, µ 0-2 jets/1-2 b Emiss
T 36.1 m(χ̃

0
1)=1 GeV 1506.08616, 1709.04183, 1711.115201.0t̃1

t̃1 t̃1, Well-Tempered LSP Multiple 36.1 m(χ̃
0
1)=150 GeV, m(χ̃

±
1 )-m(χ̃

0
1)=5 GeV, t̃1 ≈ t̃L 1709.04183, 1711.115200.48-0.84t̃1t̃1

t̃1 t̃1, t̃1→τ̃1bν, τ̃1→τG̃ 1 τ + 1 e,µ,τ 2 jets/1 b Emiss
T 36.1 m(τ̃1)=800 GeV 1803.101781.16t̃1

t̃1 t̃1, t̃1→cχ̃
0
1 / c̃c̃, c̃→cχ̃

0
1

0 e, µ 2 c Emiss
T 36.1 m(χ̃

0
1)=0 GeV 1805.016490.85c̃

m(t̃1,c̃)-m(χ̃
0
1 )=50 GeV 1805.016490.46t̃1

0 e, µ mono-jet Emiss
T 36.1 m(t̃1,c̃)-m(χ̃

0
1)=5 GeV 1711.033010.43t̃1

t̃2 t̃2, t̃2→t̃1 + h 1-2 e, µ 4 b Emiss
T 36.1 m(χ̃

0
1)=0 GeV, m(t̃1)-m(χ̃

0
1)= 180 GeV 1706.039860.32-0.88t̃2

χ̃±
1
χ̃0

2 via WZ 2-3 e, µ Emiss
T 36.1 m(χ̃

0
1)=0 1403.5294, 1806.022930.6χ̃±

1 /χ̃
0

2
ee, µµ ≥ 1 Emiss

T 36.1 m(χ̃
±
1 )-m(χ̃

0
1)=10 GeV 1712.081190.17χ̃±

1 /χ̃
0

2

χ̃±
1
χ̃∓

1 via WW 2 e, µ Emiss
T 139 m(χ̃

0
1)=0 ATLAS-CONF-2019-0080.42χ̃±

1

χ̃±
1
χ̃0

2 via Wh 0-1 e, µ 2 b Emiss
T 36.1 m(χ̃

0
1)=0 1812.094320.68χ̃±

1 /χ̃
0

2

χ̃±
1
χ̃∓

1 via "̃L/ν̃ 2 e, µ Emiss
T 139 m("̃,ν̃)=0.5(m(χ̃

±
1 )+m(χ̃

0
1)) ATLAS-CONF-2019-0081.0χ̃±

1

χ̃±
1
χ̃∓

1 /χ̃
0
2, χ̃

+

1→τ̃1ν(τν̃), χ̃
0
2→τ̃1τ(νν̃) 2 τ Emiss

T 36.1 m(χ̃
0
1)=0, m(τ̃, ν̃)=0.5(m(χ̃

±
1 )+m(χ̃

0
1)) 1708.078750.76χ̃±

1 /χ̃
0

2

m(χ̃
±
1 )-m(χ̃

0
1 )=100 GeV, m(τ̃, ν̃)=0.5(m(χ̃

±
1 )+m(χ̃

0
1)) 1708.078750.22χ̃±

1 /χ̃
0

2

"̃L,R "̃L,R, "̃→"χ̃
0
1

2 e, µ 0 jets Emiss
T 139 m(χ̃

0
1)=0 ATLAS-CONF-2019-0080.7"̃

2 e, µ ≥ 1 Emiss
T 36.1 m("̃)-m(χ̃

0
1 )=5 GeV 1712.081190.18"̃

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

0
1 → hG̃)=1 1806.040300.29-0.88H̃ 0.13-0.23H̃

4 e, µ 0 jets Emiss
T 36.1 BR(χ̃

0
1 → ZG̃)=1 1804.036020.3H̃

Direct χ̃
+

1
χ̃−

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

T 36.1 Pure Wino 1712.021180.46χ̃±
1

Pure Higgsino ATL-PHYS-PUB-2017-0190.15χ̃±
1

Stable g̃ R-hadron Multiple 36.1 1902.01636,1808.040952.0g̃

Metastable g̃ R-hadron, g̃→qqχ̃
0
1

Multiple 36.1 m(χ̃
0
1)=100 GeV 1710.04901,1808.040952.4g̃ [τ( g̃) =10 ns, 0.2 ns] 2.05g̃ [τ( g̃) =10 ns, 0.2 ns]

LFV pp→ν̃τ + X, ν̃τ→eµ/eτ/µτ eµ,eτ,µτ 3.2 λ′311=0.11, λ132/133/233=0.07 1607.080791.9ν̃τ

χ̃±
1
χ̃∓

1 /χ̃
0
2 → WW/Z""""νν 4 e, µ 0 jets Emiss

T 36.1 m(χ̃
0
1)=100 GeV 1804.036021.33χ̃±

1 /χ̃
0

2 [λi33 ! 0, λ12k ! 0] 0.82χ̃±
1 /χ̃

0

2 [λi33 ! 0, λ12k ! 0]

g̃g̃, g̃→qqχ̃
0
1, χ̃

0
1 → qqq 4-5 large-R jets 36.1 Large λ′′

112 1804.035681.9g̃ [m(χ̃
0

1)=200 GeV, 1100 GeV] 1.3g̃ [m(χ̃
0

1)=200 GeV, 1100 GeV]
Multiple 36.1 m(χ̃

0
1)=200 GeV, bino-like ATLAS-CONF-2018-0032.0g̃ [λ′′

112
=2e-4, 2e-5] 1.05g̃ [λ′′

112
=2e-4, 2e-5]

t̃t̃, t̃→tχ̃
0
1, χ̃

0
1 → tbs Multiple 36.1 m(χ̃

0
1)=200 GeV, bino-like ATLAS-CONF-2018-0031.05g̃ [λ′′

323
=2e-4, 1e-2] 0.55g̃ [λ′′

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

t̃1 t̃1, t̃1→bs 2 jets + 2 b 36.7 1710.071710.61t̃1 [qq, bs] 0.42t̃1 [qq, bs]

t̃1 t̃1, t̃1→q" 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 ATLAS-CONF-2019-0061.6t̃1 [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]
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q̃q̃, q̃→qχ̃
0
1

0 e, µ 2-6 jets Emiss
T 36.1 m(χ̃

0
1)<100 GeV 1712.023321.55q̃ [2×, 8× Degen.] 0.9q̃ [2×, 8× Degen.]

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

0
1)=5 GeV 1711.033010.71q̃ [1×, 8× Degen.] 0.43q̃ [1×, 8× Degen.]

g̃g̃, g̃→qq̄χ̃
0
1

0 e, µ 2-6 jets Emiss
T 36.1 m(χ̃

0
1)<200 GeV 1712.023322.0g̃

m(χ̃
0
1)=900 GeV 1712.023320.95-1.6g̃̃g Forbidden

g̃g̃, g̃→qq̄("")χ̃
0
1

3 e, µ 4 jets 36.1 m(χ̃
0
1)<800 GeV 1706.037311.85g̃

ee, µµ 2 jets Emiss
T 36.1 m(g̃)-m(χ̃

0
1 )=50 GeV 1805.113811.2g̃

g̃g̃, g̃→qqWZχ̃
0
1

0 e, µ 7-11 jets Emiss
T 36.1 m(χ̃

0
1) <400 GeV 1708.027941.8g̃

3 e, µ 4 jets 36.1 m(g̃)-m(χ̃
0
1)=200 GeV 1706.037310.98g̃

g̃g̃, g̃→tt̄χ̃
0
1

0-1 e, µ 3 b Emiss
T 79.8 m(χ̃

0
1)<200 GeV ATLAS-CONF-2018-0412.25g̃

3 e, µ 4 jets 36.1 m(g̃)-m(χ̃
0
1)=300 GeV 1706.037311.25g̃

b̃1b̃1, b̃1→bχ̃
0
1/tχ̃

±
1

Multiple 36.1 m(χ̃
0
1)=300 GeV, BR(bχ̃

0
1)=1 1708.09266, 1711.033010.9b̃1b̃1 Forbidden

Multiple 36.1 m(χ̃
0
1)=300 GeV, BR(bχ̃

0
1)=BR(tχ̃

±
1 )=0.5 1708.092660.58-0.82b̃1b̃1 Forbidden

Multiple 36.1 m(χ̃
0
1)=200 GeV, m(χ̃

±
1 )=300 GeV, BR(tχ̃

±
1 )=1 1706.037310.7b̃1b̃1 Forbidden

b̃1b̃1, b̃1→bχ̃
0
2 → bhχ̃

0
1

0 e, µ 6 b Emiss
T 139 ∆m(χ̃

0
2 , χ̃

0
1)=130 GeV, m(χ̃

0
1)=100 GeV SUSY-2018-310.23-1.35b̃1b̃1 Forbidden

∆m(χ̃
0
2 , χ̃

0
1)=130 GeV, m(χ̃

0
1)=0 GeV SUSY-2018-310.23-0.48b̃1b̃1

t̃1 t̃1, t̃1→Wbχ̃
0
1 or tχ̃

0
1

0-2 e, µ 0-2 jets/1-2 b Emiss
T 36.1 m(χ̃

0
1)=1 GeV 1506.08616, 1709.04183, 1711.115201.0t̃1

t̃1 t̃1, Well-Tempered LSP Multiple 36.1 m(χ̃
0
1)=150 GeV, m(χ̃

±
1 )-m(χ̃

0
1)=5 GeV, t̃1 ≈ t̃L 1709.04183, 1711.115200.48-0.84t̃1t̃1

t̃1 t̃1, t̃1→τ̃1bν, τ̃1→τG̃ 1 τ + 1 e,µ,τ 2 jets/1 b Emiss
T 36.1 m(τ̃1)=800 GeV 1803.101781.16t̃1

t̃1 t̃1, t̃1→cχ̃
0
1 / c̃c̃, c̃→cχ̃

0
1

0 e, µ 2 c Emiss
T 36.1 m(χ̃

0
1)=0 GeV 1805.016490.85c̃

m(t̃1,c̃)-m(χ̃
0
1 )=50 GeV 1805.016490.46t̃1

0 e, µ mono-jet Emiss
T 36.1 m(t̃1,c̃)-m(χ̃

0
1)=5 GeV 1711.033010.43t̃1

t̃2 t̃2, t̃2→t̃1 + h 1-2 e, µ 4 b Emiss
T 36.1 m(χ̃

0
1)=0 GeV, m(t̃1)-m(χ̃

0
1)= 180 GeV 1706.039860.32-0.88t̃2

χ̃±
1
χ̃0

2 via WZ 2-3 e, µ Emiss
T 36.1 m(χ̃

0
1)=0 1403.5294, 1806.022930.6χ̃±

1 /χ̃
0

2
ee, µµ ≥ 1 Emiss

T 36.1 m(χ̃
±
1 )-m(χ̃

0
1)=10 GeV 1712.081190.17χ̃±

1 /χ̃
0

2

χ̃±
1
χ̃∓

1 via WW 2 e, µ Emiss
T 139 m(χ̃

0
1)=0 ATLAS-CONF-2019-0080.42χ̃±

1

χ̃±
1
χ̃0

2 via Wh 0-1 e, µ 2 b Emiss
T 36.1 m(χ̃

0
1)=0 1812.094320.68χ̃±

1 /χ̃
0

2

χ̃±
1
χ̃∓

1 via "̃L/ν̃ 2 e, µ Emiss
T 139 m("̃,ν̃)=0.5(m(χ̃

±
1 )+m(χ̃

0
1)) ATLAS-CONF-2019-0081.0χ̃±

1

χ̃±
1
χ̃∓

1 /χ̃
0
2, χ̃

+

1→τ̃1ν(τν̃), χ̃
0
2→τ̃1τ(νν̃) 2 τ Emiss

T 36.1 m(χ̃
0
1)=0, m(τ̃, ν̃)=0.5(m(χ̃

±
1 )+m(χ̃

0
1)) 1708.078750.76χ̃±

1 /χ̃
0

2

m(χ̃
±
1 )-m(χ̃

0
1 )=100 GeV, m(τ̃, ν̃)=0.5(m(χ̃

±
1 )+m(χ̃

0
1)) 1708.078750.22χ̃±

1 /χ̃
0

2

"̃L,R "̃L,R, "̃→"χ̃
0
1

2 e, µ 0 jets Emiss
T 139 m(χ̃

0
1)=0 ATLAS-CONF-2019-0080.7"̃

2 e, µ ≥ 1 Emiss
T 36.1 m("̃)-m(χ̃

0
1 )=5 GeV 1712.081190.18"̃

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

0
1 → hG̃)=1 1806.040300.29-0.88H̃ 0.13-0.23H̃

4 e, µ 0 jets Emiss
T 36.1 BR(χ̃

0
1 → ZG̃)=1 1804.036020.3H̃

Direct χ̃
+

1
χ̃−

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

T 36.1 Pure Wino 1712.021180.46χ̃±
1

Pure Higgsino ATL-PHYS-PUB-2017-0190.15χ̃±
1

Stable g̃ R-hadron Multiple 36.1 1902.01636,1808.040952.0g̃

Metastable g̃ R-hadron, g̃→qqχ̃
0
1

Multiple 36.1 m(χ̃
0
1)=100 GeV 1710.04901,1808.040952.4g̃ [τ( g̃) =10 ns, 0.2 ns] 2.05g̃ [τ( g̃) =10 ns, 0.2 ns]

LFV pp→ν̃τ + X, ν̃τ→eµ/eτ/µτ eµ,eτ,µτ 3.2 λ′311=0.11, λ132/133/233=0.07 1607.080791.9ν̃τ

χ̃±
1
χ̃∓

1 /χ̃
0
2 → WW/Z""""νν 4 e, µ 0 jets Emiss

T 36.1 m(χ̃
0
1)=100 GeV 1804.036021.33χ̃±

1 /χ̃
0

2 [λi33 ! 0, λ12k ! 0] 0.82χ̃±
1 /χ̃

0

2 [λi33 ! 0, λ12k ! 0]

g̃g̃, g̃→qqχ̃
0
1, χ̃

0
1 → qqq 4-5 large-R jets 36.1 Large λ′′

112 1804.035681.9g̃ [m(χ̃
0

1)=200 GeV, 1100 GeV] 1.3g̃ [m(χ̃
0

1)=200 GeV, 1100 GeV]
Multiple 36.1 m(χ̃

0
1)=200 GeV, bino-like ATLAS-CONF-2018-0032.0g̃ [λ′′

112
=2e-4, 2e-5] 1.05g̃ [λ′′

112
=2e-4, 2e-5]

t̃t̃, t̃→tχ̃
0
1, χ̃

0
1 → tbs Multiple 36.1 m(χ̃

0
1)=200 GeV, bino-like ATLAS-CONF-2018-0031.05g̃ [λ′′

323
=2e-4, 1e-2] 0.55g̃ [λ′′

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

t̃1 t̃1, t̃1→bs 2 jets + 2 b 36.7 1710.071710.61t̃1 [qq, bs] 0.42t̃1 [qq, bs]

t̃1 t̃1, t̃1→q" 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 ATLAS-CONF-2019-0061.6t̃1 [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]

Mass scale [TeV]10−1 1

ATLAS SUSY Searches* - 95% CL Lower Limits
March 2019

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.

4 Electroweak Production
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Figure 22:
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ATLAS-CONF-2021-022:	two	boosted	hadronically	decaying	bosons	+	ET	
CERN-EP-2021-021:	three	leptons	+	ET	
CERN-EP-2021-059:	four	leptons	+	ET
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decay	chains	involving	W,	Z,	h	bosons	+	LSP�̃±
i /�̃0

i ⇒

RPV	scenarios	covered	in	M.	Holzbock’s	talk!
Further,	L.	Corpe’s	talk	on	long-lived	par=cles!
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Experimental	signature:	two	hadronically	decaying	boosted	bosons	(W,	Z,	h)	and	ET	

qq	qq	final	state qq	bb	final	state

�̃heavy

�̃heavy

p

p

�̃light

W/Z

q

q

�̃light

Z/h

b

b

�̃heavy

�̃heavy

p

p

�̃light

W/Z

q

q

�̃light

W/Z
q

q

Signal	models	driven	by	three	physics	scenarios	

(�̃heavy, �̃light) = (W̃ , H̃), (W̃ , B̃), (H̃, B̃), ...

		➙		a	baseline	MSSM	scenario	focusing	on	pairs	of	Wino,	Bino	and	Higgsino

		➙		a	GGM	+	naturalness	scenario	with	light	Higgsinos	and	gravi=no	LSP
(�̃heavy, �̃light) = (H̃, G̃)

		➙		a	Peccei-Quinn	+	naturalness	scenario	with	light	Higgsinos	and	axino	LSP
(�̃heavy, �̃light) = (H̃, ã)
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qq	qq	final	state qq	bb	final	state

Main	backgrounds	

		➙	Reducible:	Z+jets	and	W+jets,	“semi-data-driven”	
		➙	Irreducible:	VVV	and	A+X,	taken	from	MC

Large-R	jets	(J)	to	idenNfy	boosted	W,	Z,	h	decays	
				➙	dedicated	taggers	for	W,Z⇾qq	

        ↳ mJ, Ntracks and energy correla:on func. D2 
				➙	mJ(bb)	to	select	Z⇾bb	and	h⇾bb
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Final	state	with	3	leptons	from	chargino	+	neutralino	direct	producNon	
				➙	one	lepton	stemming	from	a	W(*)	decay,	a	pair	from	either	Z(*)	or	SM	h→WW/ZZ/𝝉𝝉

WZ-mediated	models Wh-mediated	models	

Signal	models	driven	by	two	different	scenarios	within	MSSM	

		➙		|M1|<|M2|<<|μ|	resul0ng	in	Bino-like	stable	LSP	and	Wino-like	degenerate	 �̃±
1 , �̃

0
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		➙		|μ|≈EWK	scale	and	an	Higgsino	triplet	of	quasi-degenerate		�̃±
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Main	backgrounds	
				➙	Irreducible:	mainly	WZ,	and	SM	Higgs,	MC	simula0on	normalized	to	data	in	CRs	
			➙	Reducible:	≥	1	misiden0fied	lepton,	data-driven,	mainly	at	low	ET

compressed	
mass	spectra

moderate	
mass	spliVngs

same-flavor	
leptons

opposite-flavor	
leptons

Off-shell	WZ	SRs Wh	SRs

SRs	with	many	bins	to	cover	different	signal	scenarios	and	masses	
				➙	Exploi0ng	several	observables:	jet	mul0plicity,	HT,	mT	(W	decay),	ET,	mll,min;	vetoing	b-jets	

Final State With Three Leptons 



S.	Zambito	|	CERN

13
CERN-EP-2021-059

100 200 300 400 500 600 700 800
) [GeV]

 2
 0
χ∼ , 

 1
± χ∼m(

0

100

200

300

400

500

600

) [
G

eV
]

 1 0 χ ~
m

( ) 
1

 0
χ∼(m

) =
 

2
 0
χ∼(m Zm

) +
 

1
 0
χ∼(m

) =
 

2
 0
χ∼(m

) 
1

 0
χ∼(m

) =
 

2
 0
χ∼(m Zm

) +
 

1
 0
χ∼(m

) =
 

2
 0
χ∼(m

) 
1

 0
χ∼(m

) =
 

2
 0
χ∼(m Zm

) +
 

1
 0
χ∼(m

) =
 

2
 0
χ∼(m

) 
1

 0
χ∼(m

) =
 

2
 0
χ∼(m Zm

) +
 

1
 0
χ∼(m

) =
 

2
 0
χ∼(m

 ATLAS
-1=13 TeV, 139 fbs

All limits at 95% CL

)expσ 1±Expected Limit (
)theoryσ 1±Observed Limit (

Obs. Limit on-shell
Obs. Limit off-shell
Obs. Limit compressed
ATLAS 8 TeV excluded

)
 2
 0
χ∼)=m(

 1
± 

χ∼ wino/bino(+) m(
 1
 0
χ∼

 1
 0
χ∼WZ →

 1
± 

χ∼
 2
 0
χ∼

SR �95
vis [fb] S95

obs S95
exp CLb p(s = 0) (Z)

SR3`-Low 0.24 33 30+10
�8 0.61 0.39 (0.28)

SR3`-ISR 0.14 19 12+5
�4 0.89 0.09 (1.32)

160 180 200 220 240 260 280 300 320
) [GeV]

2
0
χ∼/

1
±χ∼m(

0

20

40

60

80

100

120

140

160

) [
G

eV
]

10 χ∼
m

(

hm
) +

 
1

0
χ∼(m

) =
 

2
0
χ∼(m

)expσ1 ±Expected Limit (
)theoryσ1 ±Observed Limit (

ATLAS 8 TeV excluded

ATLAS
1
0
χ∼

1
0
χ∼Wh→

1
±χ∼

2
0
χ∼

-1=13 TeV, 139 fbs
All limits at 95% CL

Followed	up	previous	
excess	(≈3.0σ):	PRD	98	092012	
good	agreement	now	with	SM

WZ-mediated	models	
exclusions	up	to	640	GeV	

Wh-mediated	models		
exclusions	up	to	185	GeV	

Final State With Three Leptons 

Recursive	Jigsaw	SRs

https://journals.aps.org/prd/pdf/10.1103/PhysRevD.98.092012
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Final	state	with	4	leptons	from	chargino	+	neutralino	or	chargino	+	chargino	producNon	
				➙	same-flavor	opposite-charge	pairs	stemming	from	Z/h	decays

For	RPC	SUSY,	focusing	on	single	scenario	driven	by	GGM,	with	gravi'no	LSP	

		➙		 		assumed	to	be	quasi-degenerate	higgsinos	(1	GeV	spliwngs)�̃±
1 , �̃

0
2, �̃

0
1

		➙		W*/	Z*	from	their	decay	chain	are	too	sox,	and	thus	undetectable	

Analysis	also	considers	several	RPV	scenarios:	see	M.	Holzbock’s	talk

�̃⌥
1

�̃±
1 /�̃

0
2

�̃0
1

Z/h

�̃0
1

Z/hp

p

W ⇤

G̃

`
`

W ⇤/Z⇤

G̃

`
`

�̃0
1

�̃±
1 /�̃

0
2

Z/h

�̃0
1

Z/hp

p

G̃

`
`

W ⇤/Z⇤

G̃

`
`

		↳		leptonic decays of Z/h from              transi:ons lead to clean signature�̃0
1 ! G̃

		➙		GGM	gives	a	mechanism	where	they	can	be	cornered	experimentally	



S.	Zambito	|	CERN

15
CERN-EP-2021-021

 loose

SR0-ZZ  tight
SR0-ZZ  bveto

 loose
SR0-ZZ

 bveto

 tight
SR0-ZZ  bveto

 loose
SR0

 bveto

 tight
SR0  breq

SR0
 bveto

 loose
SR1  bveto

 tightSR1  breq

SR1
 bveto

 loose
SR2

 bveto

 tight
SR2  breq

SR2 SR5L

1

10

210Ev
en

ts

Data Ztt
Total SM Higgs
Reducible VVV
ZZ Other

ATLAS

4 leptons

-1 = 13 TeV, 139 fbs

 lo
os

e
SR

0-
ZZ

 ti
gh

t
SR

0-
ZZ

 b
ve

to
 lo

os
e

SR
0-

ZZ

 b
ve

to
 ti

gh
t

SR
0-

ZZ

 b
ve

to
 lo

os
e

SR
0  b

ve
to

 ti
gh

t
SR

0

 b
re

q
SR

0  b
ve

to
 lo

os
e

SR
1  b

ve
to

 ti
gh

t
SR

1  b
re

q
SR

1  b
ve

to
 lo

os
e

SR
2  b

ve
to

 ti
gh

t
SR

2

 b
re

q
SR

2 SR
5L

2−
0
2

Si
gn

ifi
ca

nc
e

6080100120140160180200220240
 [GeV]miss

TE

1−10

1

10

210

310

410

Ev
en

ts
 / 

25
 G

eV

 loose SR0-ZZ

 tight SR0-ZZ

 -1=13 TeV, 139 fbs
ATLAS Data

Total SM
Reducible
ZZ

Ztt
Higgs
VVV
Other

)=500 GeV0
1χ
∼GGM ZZ m(

60 80 100 120 140 160 180 200 220 240
 [GeV]miss

TE

0
0.5

1
1.5

2

D
at

a/
SM

0200400600800100012001400
 [GeV]effm

1−10

1

10

210

310

410

Ev
en

ts
 / 

10
0 

G
eV

 bveto
 loose SR0

VR0-noZ

 bveto
 tight SR0

 -1=13 TeV, 139 fbs
ATLAS Data

Total SM
Reducible
ZZ

Ztt
Higgs
VVV
Other

)=(1300,800) GeV0
1χ
∼,±1χ

∼m(
 0≠ 12kλRPV Wino 

0 200 400 600 800 1000 1200 1400
 [GeV]effm

0
0.5

1
1.5

2

D
at

a/
SM

b-jet	agnosNc

b-jet	veto

RPC	GGM

RPV

☝ ☝ ☝ ☝ (☝) (☝) (☝)

(☝) (☝)☝ ☝ ☝ ☝☝ (☝) ☝

Main	backgrounds	
				➙	Irreducible:	mainly	ZZ	and	AZ,	MC	normalized	in	CRs	
			➙	Reducible:	≥	1	misiden0fied	lepton,	data-driven

Looser	/	Tighter	SRs	with	different	𝝉	mulNpliciNes	
				➙	Main	observables	are	ET	and	effec0ve	mass	(meff)	
	

Final State With Four Leptons 

(☝)
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ATLAS

Model-dependent	exclusions Model-independent	limits

Final State With Four Leptons 

Followed	up	previous	
small	excess:	PRD	98	032009	

good	agreement	now	with	SM

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.98.032009
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Extensive	search	program,	no	significant	excess,	stringent	exclusions…
…	yet,	good	porNons	of	well-moNvated	parameter	space	sNll	unexplored!!!	

Good	news	is,	plenty	of	data	will	be	collected	in	coming	years:	stay	tuned!
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arXiv:1403.5294, Run 1 2l
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LEP ̃µR excluded

aSUSY
µ ± 1σ= (2.5 ± 0.6) × 10−9

(tanβ, µ, M2)
(60, 0.5 TeV, 0.5 TeV)
(60, 3.0 TeV, 1.0 TeV)
(60, 1.0 TeV, 1.0 TeV)
( 5, 3.0 TeV, 1.0 TeV)
( 5, 1.0 TeV, 1.0 TeV)

Examples	of	
pMSSM	parameters	
compaNble	with		
μ	g-2	anomaly	
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kinema0c	region	
close	to	SR,	with		
negligible	signal	
contamina0on

validate	CR	→	SR	
extrapola0on	along		
each	variable,	
separately	

								Signal	Regions	(SRs)		➙		set	of	requirements	maximize	S/B	
                                              ↳  mul:ple bins o\en used to target different signal masses 

					Control	Regions	(CRs)		➙		normalize	simulated	backgrounds	to	data		
                                              ↳  extrapolate to SR using MC-based transfer factors 

                                             ➙  or,	extract	background	predic0ons	en0rely	from	data  

Valida0on	Regions	(VRs)		➙		validate	background	es0mates	against	data	

Dominant	backgrounds	are	in	general	WZ,	ZZ,	WW,	W/Z+jets,	top	processes		


