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Naturalness favours light stop, gluino and Higgsino.
Gluinos and squarks have largest cross sec9ons, hope they show up at LHC!
R-parity conserved: spar9cles pair-produced, LSP stable and DM candidate.

R ≡ (-1)3(B-L)+2S = -1 R = 1

Standard 
Model

SUSY partners regulate Higgs 
mass radia9ve correc9ons.

Supersymmetry2

SUSY = symmetry associating new boson (fermion) to each SM fermion (boson).
R-parity conserved: SUSY particles pair-produced, LSP stable and DM candidate.
Small amount of R-parity violation: evade bounds on RPC, spectacular signatures!

SM:  R-parity ≡ (-1)3(B-L)+2S = 1 SUSY:  R = -1

SUSY partners regulate Higgs 
mass radiative corrections

Supersymmetry2

! " #

$% & '

(

)* )+ ), -

* + , .

ℎ

01 23 #̃

2$56 27 8'

09

)̃* )̃+ )̃, 8-

*̃ 2+ ,̃ 5.

5:

̃ ̃ ̃ ̃
̃ ̃ ̃ ̃
̃ ̃ ̃ ̃
̃ ̃ ̃ ̃

̃

• This talk: searches for gluinos and 1st -2nd genera1on squarks.
• R-parity conserved: spar1cles pair-produced, LSP stable and DM candidate.

R ≡ (-1)3(B-L)+2S = 1 R = -1



Gluino and squark production3
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Status: February 2022

ATLAS Preliminary

p
s = 5,13 TeV

Theory

LHC pp
p
s = 13 TeV

Data 3.2 � 139 fb
�1

LHC pp
p
s = 5 TeV

Data 0.03 � 0.3 fb
�1

Standard Model Production Cross Section Measurements

Gluinos and squarks have largest cross sections, hope they show up at LHC.

Naturalness arguments also favour light stop, gluino and Higgsino.

sparticles kinematically decoupled 

https://link.springer.com/article/10.1007%2FJHEP12%282016%29133


In this talk4

The latest ATLAS searches for squarks and gluinos will be presented.

Simplified models: sparticles not involved in production/decay are kinematically decoupled. 

Scenario with R-parity conserved (large MET):

Scenario with R-parity violated (large multiplicities):
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All analyses based on full Run-2 dataset: 139 fb-1.

Please check the ATLAS SUSY webpage for results 
not covered in this talk.

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResults


𝛾 + jets + MET5

Simplified model of General Gauge Mediation 
with ~massless gravitino LSP ("𝑮).
Parameters: M1 ~|𝜇|~𝒎!𝝌𝟏

𝟎 , and 𝒎!𝒈 .
'𝝌𝟏𝟎 NLSP with large bino/higgsino component.

/ h

3 search regions probing 𝚫m('𝒈, '𝝌𝟏𝟎):
• large Δm: large hadronic activity, low MET
• low Δm: large MET, high-pT 𝛾
• Δm in between

Simulated bkg normalized to data:
- W𝜸
- 𝒕𝒕̅𝜸
- 𝜸+jets: fake MET, low Δϕ(MET,jet)

Fake-𝛾 from ABCD method.

measured jet pT
true jet pT

MET

[ref]

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-028/


6 𝛾 + jets + MET

No excess in data 
over SM background.

Limits set on 𝛾/Z and 
𝛾/h models.

𝛾/Z model
(𝜇>0)



g̃

g̃

�̃0
2

˜̀/⌫̃

�̃0
2

˜̀/⌫̃

p

p

q q `/⌫

`/⌫

�̃0
1

qq
`/⌫
`/⌫

�̃0
1

2ℓ + jets + MET7
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SUSY models with peak or 
kinematic endpoint in 𝒎ℓℓ.

Shape fit of 𝒎ℓℓ .

𝒕𝒕̅, WW, Z(𝝉𝝉): 
ee bkg = 𝑒𝜇 data + 𝜇 → 𝑒
𝜇𝜇 bkg = 𝑒𝜇 data + 𝑒 → 𝜇
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[ref]

https://arxiv.org/abs/2204.13072


2ℓ + jets + MET8
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𝜏 + b-jet + MET9
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2 channels:
• 1𝝉, ≥2 b-jets, SR binned in tau pT

• ≥2𝝉, ≥1 b-jets, 1-bin SR

Discriminants: 
- 1𝝉: transverse mass 

mT(𝝉, MET) < mW for 𝑡 ̅𝑡/W→ 𝜏𝜈 +X

- 2𝝉: “stransverse mass” 
mT2(𝝉𝟏, 𝝉𝟐, MET) < mW for 𝑡 ̅𝑡/WW→ 𝜏𝜈𝜏𝜈 +X
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[ref]

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.112005


𝜏 + b-jet + MET10
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Figure 10: Neutralino/gluino (left) and chargino (right) LSP decays.

left-right mass insertion. In this case, the partial widths �(b̃L ! ūid̄j) are
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Thus, displaced vertices are expected at low tan�, as illustrated in Fig. 8. The phenomenol-
ogy is distinct from that of a stop LSP: roughly 99% of decays will be to top and strange
or top and down quarks, with less than one percent going to charm and strange quarks,
and a small fraction to other final states. Thus, an increase in top quark production is ex-
pected, with most SUSY events containing at least two top-jets. However, fewer b-jets will
be produced, except those arising from top decays.7

Otherwise, the LSP can be a chargino, a neutralino, or a slepton. Each of these will
give a distinct phenomenology. Assuming that the LSP is a neutralino, its decay will be
dominated by the diagram in Fig. 10. The width is approximately

�
Ñ
⇠

m
Ñ

128 ⇡3
|�

00
tsb
|
2
, (7.8)

where we estimate a phase-space suppression of 1/16⇡2 for each additional final state particle.
The lifetime is then

⌧
Ñ
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As shown in Fig. 11, this scenario is much more likely to produce displaced vertices, although
they can still be avoided in a sizable region of parameter space. Thus, for the case of a
neutralino LSP the expected signal of SUSY would be an increase in the top production
cross section (since the LSP decay involves top quarks), including potentially same-sign
tops, and possibly also displaced vertices for the lights jets. A gluino LSP would decay in
a very similar fashion to a neutralino LSP, whereas a chargino LSP would have a similar
lifetime, but would usually decay via two b-jets without a top quark, as shown in Fig. 10.

The case of a chargino LSP is very similar to that of a neutralino. The one significant
di↵erence, as can be seen from Fig. 10, is that in the chargino case we expect no top in the
final state, and instead expect more b jets.

7If mb̃
<
⇠ mt, the phenomenology will be di↵erent yet again, with displaced vertices more likely due the

reduced width, but no extra top production.
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1ℓ /ℓ±ℓ± + many jets11
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R-parity violation

Count number of jets and b-jets above pT
threshold for high Njet (4-15).

Extrapolation from low to high Njet:

(Njet +1)/Njet =    c0 +     c1/(Njet+c2)

“staircase scaling”      ”Poisson scaling”  
at large Njet at low Njet

Also extrapolate Nb-jet from low to high 
multiplicities.
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[ref]

https://link.springer.com/article/10.1140/epjc/s10052-021-09761-x


12 1ℓ /ℓ±ℓ± + many jets
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Bino LSP gives more top quarks in final state, thus stronger limits.

Bonus: this analysis is sensitive to the 4-top SM production!
Cross section (wrt to SM) competitive with dedicated meas.

collimated LSP 
decay prod.

Table 6: Data event yields compared with the expected contributions from relevant background sources, in the
discovery signal regions defined for the 1✓ category. The ?0-value, and corresponding significance (Z), as well as the
observed and expected 95% CL model-independent upper limits on the product of cross-section, acceptance and
e�ciency (in ab) are also shown (fexcl). In SRs with a deficit of data compared to the background prediction the
?0-value is capped at 0.5. The parameters of the background model are determined in a fit to a reduced set of bins,
corresponding to the model-independent fit discussed in the text.

Jet ?T Selection Total Data ?0 Z f
excl

f
excl

threshold †=NN bin 4 background obs. [ab] exp. [ab]

20 GeV

= 6 9 , � 41,† 145 ± 6 126 0.5 0 130 200+80
�60

� 15 9 , = 01 16.3 ± 5.2 16 0.5 0 100 100+40
�30

� 15 9 , � 31 17.0 ± 1.9 20 0.26 0.7 92 74+29
�21

40 GeV
� 12 9 , = 01 7.8 ± 1.5 8 0.47 0.1 55 53+21

�15

� 12 9 , � 31 8.6 ± 1.1 12 0.17 0.9 76 55+21
�15

60 GeV
� 11 9 , = 01 2.7 ± 0.8 3 0.44 0.2 38 35+14

�10

� 11 9 , � 31 2.3 ± 0.6 5 0.1 1.3 56 33+13
�9

80 GeV
� 10 9 , = 01 2.1 ± 1.1 3 0.38 0.3 42 34+13

�9

� 10 9 , � 31 1.7 ± 1.5 2 0.47 0.1 35 33+13
�9

100 GeV
� 8 9 , = 01 22.7 ± 1.9 25 0.38 0.3 96 85+33

�24

� 8 9 , � 31 7.5 ± 1.0 8 0.41 0.2 55 51+20
�14

Figure 10 shows exclusion limits in the electroweakino pair-production model, versus the LSP mass. The
limits for pure higgsino and wino LSPs are shown separately, taking into account the processes discussed
in Section 2. The wino signal can only contribute to the 1✓ category, via j̃

±
1 j̃

0
1 production, while the

higgsino signal is also present in the 2✓sc category through j̃
0
2 j̃

0
1 production. This leads to di�erences in

the observed limits between the two models. Depending on the LSP hypothesis, LSP masses between 200
(197) GeV and 320 (365) GeV are excluded for a higgsino (wino) LSP.

The analysis is also sensitive to SM CC̄CC̄ production, which produces a final state similar to the targeted
signals. An additional model-dependent fit is performed where the CC̄CC̄ normalization is a free parameter.
The fitted normalization of the four-top process relative to the Standard Model value is `

C C̄ C C̄
= 2.0+0.9

�0.7.
Modelling uncertainties due to scale variations and parton-shower variation are taken into account, as is a
20% cross-section uncertainty for the reference SM prediction of f

C C̄ C C̄
[92]. This is in agreement with

the measured value in Ref. [34] of `
C C̄ C C̄

= 2.0+0.8
�0.6. Both analyses are based on the same dataset and have

overlapping selections, but have completely di�erent background estimation methods. The best sensitivity
is obtained with the 40 GeV jet-?T threshold. Compatible results, albeit with larger uncertainties, are
obtained with the 20 GeV and 60 GeV jet-?T thresholds. A fit with two independent signal strengths in
each lepton category yields consistent values in both categories.
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Table 6: Data event yields compared with the expected contributions from relevant background sources, in the
discovery signal regions defined for the 1✓ category. The ?0-value, and corresponding significance (Z), as well as the
observed and expected 95% CL model-independent upper limits on the product of cross-section, acceptance and
e�ciency (in ab) are also shown (fexcl). In SRs with a deficit of data compared to the background prediction the
?0-value is capped at 0.5. The parameters of the background model are determined in a fit to a reduced set of bins,
corresponding to the model-independent fit discussed in the text.

Jet ?T Selection Total Data ?0 Z f
excl

f
excl

threshold †=NN bin 4 background obs. [ab] exp. [ab]

20 GeV

= 6 9 , � 41,† 145 ± 6 126 0.5 0 130 200+80
�60

� 15 9 , = 01 16.3 ± 5.2 16 0.5 0 100 100+40
�30

� 15 9 , � 31 17.0 ± 1.9 20 0.26 0.7 92 74+29
�21

40 GeV
� 12 9 , = 01 7.8 ± 1.5 8 0.47 0.1 55 53+21

�15

� 12 9 , � 31 8.6 ± 1.1 12 0.17 0.9 76 55+21
�15

60 GeV
� 11 9 , = 01 2.7 ± 0.8 3 0.44 0.2 38 35+14

�10

� 11 9 , � 31 2.3 ± 0.6 5 0.1 1.3 56 33+13
�9

80 GeV
� 10 9 , = 01 2.1 ± 1.1 3 0.38 0.3 42 34+13

�9

� 10 9 , � 31 1.7 ± 1.5 2 0.47 0.1 35 33+13
�9

100 GeV
� 8 9 , = 01 22.7 ± 1.9 25 0.38 0.3 96 85+33

�24

� 8 9 , � 31 7.5 ± 1.0 8 0.41 0.2 55 51+20
�14

Figure 10 shows exclusion limits in the electroweakino pair-production model, versus the LSP mass. The
limits for pure higgsino and wino LSPs are shown separately, taking into account the processes discussed
in Section 2. The wino signal can only contribute to the 1✓ category, via j̃

±
1 j̃

0
1 production, while the

higgsino signal is also present in the 2✓sc category through j̃
0
2 j̃

0
1 production. This leads to di�erences in

the observed limits between the two models. Depending on the LSP hypothesis, LSP masses between 200
(197) GeV and 320 (365) GeV are excluded for a higgsino (wino) LSP.

The analysis is also sensitive to SM CC̄CC̄ production, which produces a final state similar to the targeted
signals. An additional model-dependent fit is performed where the CC̄CC̄ normalization is a free parameter.
The fitted normalization of the four-top process relative to the Standard Model value is `

C C̄ C C̄
= 2.0+0.9

�0.7.
Modelling uncertainties due to scale variations and parton-shower variation are taken into account, as is a
20% cross-section uncertainty for the reference SM prediction of f

C C̄ C C̄
[92]. This is in agreement with

the measured value in Ref. [34] of `
C C̄ C C̄

= 2.0+0.8
�0.6. Both analyses are based on the same dataset and have

overlapping selections, but have completely di�erent background estimation methods. The best sensitivity
is obtained with the 40 GeV jet-?T threshold. Compatible results, albeit with larger uncertainties, are
obtained with the 20 GeV and 60 GeV jet-?T thresholds. A fit with two independent signal strengths in
each lepton category yields consistent values in both categories.
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13 Summary

Latest searches for '𝒈 and '𝒒 at ATLAS were presented:
• 𝛾 + jets + MET
• 2ℓ + jets + MET
• 𝜏 + b-jets + MET
• 1ℓ / ℓ±ℓ± + jets

Weak-scale SUSY is still hiding.

Limits on 𝒎!𝒈, 𝒎!𝒒, 𝒎!𝝌𝟏
𝟎 largely improved: 

large dataset, better object reconstruction and analysis techniques.

More results coming soon.
Reprocessed Run2 dataset now available!
Run3 just began!

Thanks for listening!

Don’t miss: 
EW SUSY (Eric Ballabene)
long-lived signatures (Mason Proffitt)

~
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$𝑔 and $𝑞 results @ ATLAS15

1000 1200 1400 1600 1800 2000 2200 2400
) [GeV]g~m(

500

1000

1500

2000

2500

3000

3500

) [
G

eV
]

0 1��
m

(

)0
1�

�
)<m(

g~m(

0 lep. [2010.14293]0
1
��qq�g~

3 b-jets [CONF-2018-041]�
0
1
��bb�g~

2 lep. SS [CONF-2018-041, 1706.03731]�3 b-jets + �
0
1
��tt�g~

0 lep. + 1 lep. [2010.14293, 2101.01629]0
1
��Wqq�g~

2 lep. OS SF [CERN-EP-2022-014]0
1
��

(*)Zqq�g~

2 lep. SS�7-12 jets + 1 lep. + �
0
1
��WZqq�g~

[2008.06032, 1708.08232, 1909.08457]
2 lep. OS SF [1805.11381, CERN-EP-2022-014]��/l~via 0

1
��)��(ll/qq�g~

[1808.06358]�1 ���/��via 0
1
��)��/��/��(qq�g~

[1802.03158]�1 �
0
1
��via G~/Z)�(qq�g~

ATLAS Preliminary

-1=13 TeV, 36.1 - 139 fbs

Colours indicate different models
Observed limits at 95% CL

March 2022

500 1000 1500 2000
) [GeV]q~m(

500

1000

1500

2000

2500

3000

) [
G

eV
] 

0 1��
m

(

)0
1��

)<m(
q~m(

0 lep. + mono-jet [2010.14293, 2102.10874]0
1
��q�q~

0 lep. + 1 lep. [2010.14293, 2101.01629]0
1
��qW�

L
q~

2 lep. OS SF [CERN-EP-2022-014]0
1
��

(*)qZ�q~

[1802.03158]�2 �
0
1
��via G~/Z)�q(�t~, b~, q~

2 lep. SS�7-11 jets + �
0
1
��qWZ�

L
q~

2 lep.���/l~via 0
1
��)��/�q(ll/l�

L
q~

�1���/��via0
1
��)��/��/��q(�

L
q~

ATLAS Preliminary

-1=8-13 TeV, 20.3 - 139 fbs

Colours indicate different models
Observed limits at 95% CL

c~, s~, d~, u~= q~

March 2022

8 TeV,
[1507.05525]

[ref]

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-013/


𝛾 + jets + MET16

𝛾/h model (𝜇<0)𝛾/Z model (𝜇>0)



2ℓ + jets + MET17
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