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Motivation:
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‣ Despite the huge success of the SM theory, physics 
beyond SM is strongly motivated:


‣ hierarchy problem, dark matter, quantum 
description of gravity, the GUT e.t.c…


‣ Supersymmetry (SUSY) extend the SM and connect 
SM Fermions & Bosons with their super partner into a 
set of super-multiplets 


‣ Solving hierarchy problem if only soft breaking of 
supersymmetry (mass constraint within TeV scale, 
could be produced in the LHC)


‣ Provide stable DM candidate (Lightest-SUSY-
Particle) if R-parity is conserved (RPC)


                               


‣ Including graviton & gravitino needed for the 
GUT…

PR = (−1)3B+L+2S
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arXiv:1309.0528

https://arxiv.org/pdf/1309.0528.pdf


Status of SUSY search in ATLAS:
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‣ ~40 analysis teams covering all aspects of SUSY scenarios and models including Strongly 
produced SUSY, EWK produced SUSY, RPC, RPV and LLP…


‣ This talk will only cover the latest searches of strong production of gluino or squark   in 
RPC or RPV scenarios


‣ SUSY searches in EWK productions will be covered by Takuya’s talk

3rd

‣ Four main strong production mechanisms at LHC:





‣ Strong production of SUSY has relatively large production 
cross-sections which could probe higher mass regions but 
comes with more bkg contamination


‣ Only simplified models are used considering a few particles 
and decoupling the other to higher scale



Status of Strong SUSY search in ATLAS:
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‣ With R-parity conserved, the LSP is stable and only interacting weakly with other SM particles, providing a suitable 
candidate of DM (WIMP) and large  as signature


‣ With R-parity violated, the LSP could decay to SM particles via RPV sector leading to a final state with only SM particles:


Emiss
T

W = WMSSM + WR; WR =
1
2

λijkLiLjĒk+λ′￼ijkLiQjD̄k +
1
2

λ′￼′￼ijkŪiD̄jD̄k+κiLiH2

‣ In this talk will cover:


‣ Searches for new phenomena in events with two leptons, jets, and 
missing transverse momentum in 139  of  TeV  
collision in the ATLAS detector [2L2J]


‣ Search for heavy, long-lived, charged particles with large 
ionization energy loss in  collision at  TeV using the 
ATLAS experiment and the full Run 2 dataset [Pixel dE/dX]


‣ Constraints on spin-0 dark matter mediators and invisible Higgs 
decays using ATLAS 13 TeV  collision data with two top quarks 
and missing energy in the final state [DM_tt combination]


‣ [BackUP] Search for R-parity-violating supersymmetry in a final 
state containing leptons and many jets with the ATLAS experiment 
using  TeV proton-proton collision data [Rpv1L]

f b−1 s = 13 pp

pp s = 13

pp

s = 13

https://arxiv.org/abs/2204.13072
https://arxiv.org/abs/2205.06013
https://cds.cern.ch/record/2805211/files/ATLAS-CONF-2022-007.pdf
https://arxiv.org/abs/2106.09609
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General strategy on Strong SUSY searches:
‣ SUSY is an exceeding signature


‣ Find SUSY at the tail of the sensitive observables


‣ Search with simplified SUSY models:


‣ Relevant parameters are varied only


‣ Decoupled with all the other SUSY particles

BKG

SIG

Exceeding Signature

Finding SRs:
BKG estimation:

Systematics estimation:

 ??? 
What else is not sure?
VALUE ±

Results interpretations:

What does the data means? 
Do we see new physics?

simplified pMSSM model

Results Re-interpretations:

What happens for more 
complex scenarios?
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‣ Signal regions:


‣ 4 inclusive SRs defined targeting different  mass 
splitting


‣ SRs are then further binned with  due to the 
kinematic endpoint of the target signal


‣ BKG estimation:


‣ Z/ +jets: normalized in CRs defined by inverting the 



‣ Flavour-Symmetric process ( , ): Using  data in 
CRs and corrected by the divergence between  and 




‣ FNP: estimated via MxM

g̃ − χ̃0
1

mℓ±ℓ∓

γ*
Δϕ( jet1,2, Emiss

T )

t t̄ W±W∓ eμ
eμ

ee/μμ

2L2J:
g̃/q̃ → χ̃0

2 → ℓ+ℓ−χ̃0
1

arXiv: 2204.13072 (sub to JHEP)

‣ No significant excess observed


‣  up to 2250/1550 
GeV got excluded


‣ Got 400/300 GeV 
improvement compared to 
previous results

m(g̃)/m(q̃)

https://arxiv.org/abs/2204.13072
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Pixel dE/dX:

arXiv: 2205.06013 (sub to JHEP)

‣ Signal model: Long-lived  formed into a charged R-hardon


‣ General approach:

‣ Bethe-Bloch relation: 


‣ Connected the dE/dX with  of one particle


‣ With  known, mass can be derived from the 
measurement of the dE/dX


‣ Extracting the dE/dX: , averaging of the 
dE/dX along the tracks with the highest one excluded


‣ dE/dX calibration: 


‣ calibrate tracks at different and times to the 
reference run due to the detector geometry and the 
radiation damage


‣ dE/dX-  calibration:


‣ performed in the range , special low-pile-
up dataset


‣ in a narrow low momentum slice, dE/dX spectrum can 
be resolved


‣ use template fitting to known particles in individual p/
eta slices to get a function that translates dE/dX to 

g̃

βγ

⃗p

< dE /dX >trunc

< dE /dX >corr

|η |

βγ

0.3 < βγ < 5

βγ

< dE/dX >trunc

dE/dX run-dependent

dE/dX spectrum

dE/dX-βγ

https://arxiv.org/abs/2205.06013
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‣ Signal regions: split by dE/dX

‣ Exclusion SRs: binned by Mu/track (track identified as a mu 

or no) and IBL0/IBL1 (overflow bit of the IBL)

‣ SR-Mu: sensitive to stable signal events

‣ SR-Track: lower bkg

‣ SR-IBL1: lower bkg

‣ Mass Window:


‣ defined for signals with short and long life to 
optimized the sensitivity


‣ BKG estimation:

‣ fully data-driven method applied


‣ Sample (pT, ) value from the kinematic template

‣ Sample dE/dX value from the corresponding dE/dX 

template

‣ Calculate mass of “toy” track m=p/ 


‣ Validated in corresponding VRs

η

βγ

Pixel dE/dX:

‣  TeV got excluded with  and 



‣  TeV got excluded with  and 

m(g̃) < 2.27 τ = 20 ns
m( χ̃0

1) = 100 GeV

m(g̃) < 2.06 τ = 30 ns
Δm(g̃, χ̃0

1) = 30 GeV
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DM_tt combination:
‣ Signal models:


‣ WIMPs, Dirac fermion DM candidate ( ), scalar ( )/pseudoscalar ( ) mediator


‣ Free parameter , , benchmark g  = g  = 1 (couplings between  with quark is Yukawa-like 
and with multiplicative factors g )


‣ Special case → SM 125 GeV Higgs is the mediator 

‣ Final states:


‣ tt2L: JHEP 04 (2021) 165 

‣ tt1L: JHEP 04 (2021) 174

‣ tt0L -> tt0L-high MET: EPJC 80 (2020) 737

‣ tt0L-low MET (newly designed):


‣ tt0L extended and improved:

‣ sensitivity for low mediator models


‣ Improvements up to ~15%(5%) for scalar(pseudo scalar) mediator masses

‣ Low improvement at the Higgs mass

χ ϕ a

mχ′￼ mϕ′￼ q χ ϕ/a
q

+DMtt̄

H invtt̄ →

+DMt / t̄

ATLAS-CONF-2022-007

tt0L-low tt0L-high 

https://link.springer.com/article/10.1007/JHEP04(2021)165
https://link.springer.com/article/10.1007/JHEP04(2021)174
https://link.springer.com/article/10.1140/epjc/s10052-020-8102-8
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-007/
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‣ Results on mediator masses:

‣ For scalar(pseudoscalar) dark matter models, 

‣ excluded mass range extended by 100(30) GeV wrt the best of the individual channels (= tt2L) 


‣ excluding mediator masses up to 370 GeV for unitary couplings assumptions 


‣ Results on B(H inv):


‣ Combined best fit value consistent with the SM prediction (=0.12%) 

→

DM_tt combination:
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‣ Strong SUSY searches in ATLAS have covered wide range of scenarios 
including both RPC and RPV and also long-lived gluino and squarks


‣ Lots of results coming out recently from searching for squark  and gluino 
for direct decay or cascade decay in multiple channels


‣ Unfortunately, no significant excess observed yet


‣ Greatly extends the sensitivity to gluino and squarks under many different 
decay modes and assumptions


‣ Some “warp-up Run-2 results” activities are ongoing like the combination 
search and interpretations on pMSSM efforts

Conclusion:
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THE END
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‣ No fundamental theoretical reason for strict R-parity conservation


‣ Signal model:


‣  and  are varied according to LSP’s 
type (pure wino, bino or higgsino)


‣ RPV couplings: Strong enough to decay promptly, weak 
enough to disentangled with RPC mixture


‣ : dominant under the minimal flavor violation 
hypothesis 


‣ : to be complementary for light-quark case
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‣ Events are split into 2LSS case ( ) and other 
case (  dominated)


‣ SRs are defined according to the jet pT threshold 
(20,40,60,80 GeV) and  /1  separately 


‣ Binned with  and  formed as  slices

2lSC

1ℓ

2lSC ℓ

Nj Nb Nj,b

arXiv: 2106.09609 (sub to EPJC)

Rpv1L:

https://arxiv.org/abs/2106.09609
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‣ BKG estimation:


‣  dominant for bVeto and  for b-jet required regions for  category


‣ VV dominant for bVeto and  for b-jet required regions for  category


‣ Large uncertainties for high jet multiplicity,  estimated from low-jet case which is corrected by data


‣ FNP: Matrix Method for  category, covered by  in  category


‣ Other minor bkg estimated via MC simulation directly

W/Z + jets t t̄ 1l

t t̄ XSC 2lSC

Nprocess
j,b

1l t t̄ XSC 2lSC

1000 1500

) [GeV]t~m(

500

1000

1500) [
G

eV
]

10 χ∼
m

( -1 = 13 TeV, 139 fbs

Obs. limit
)    expσ 1 ±Exp. limit (

Obs. limit ewk. production

Bino LSP
Higgsino LSP
Wino LSP

1

+
χ∼ / b
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1
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1,2
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 m(t) + m(b)≤) 
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)
1

0
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)
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 m( 
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All limits at 95% CL

ATLAS Preliminary

Rpv1L:
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Rpv1L
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2L2J:
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Pixel dE/dX:
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Pixel dE/dX:
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DM_tt combination:


