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Introduction
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Theory + Experiment

www.phenomen.physik.uni-freiburg.de

abdussalam@sbu.ac.ir 6

www.phenomen.physik.uni-freiburg.de


Long-lived particles, cf. cτ & 10µm [1]
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An experiment perspective particles landscape

From Feng’s talk, CERN 2023-06-19 [2]
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Connection to dark matter

From Feng’s talk, CERN 2023-06-19 [2]
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Heavy and light long-lived particles

From Feng’s talk, CERN 2023-06-19 [2]
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Beyond the standard model long-lived particles

(1) Hierarchy problem vs LEP limits conflict

(2) Solution:
Symmetry such that interactions involve new particle pairs;
E.g. R-parity for SUSY, Extended Higgs sector Z2-symmetry

(3) Lightest or next-to lightest new particle = long-lived particle
(LLP) and dark matter candidate

(4) Particle physics scenarios with and without gravito as
lightest new particle
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Beyond the standard model long-lived particles
(4) Particle physics scenarios with and without gravito as
lightest new particle
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Collider signatures of long-lived particles

From LLP white paper [1].
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Collider signatures of long-lived particles

LLP searches sensitive to the white band region
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Collider signatures of long-lived particles

From Goswami’s talk, CERN 2023-05-22 [3]
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Collider limits for long-lived particles
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LLP colliders limits and white paper ...

... are mostly simplified models based.

We propose new, complementary, approach: use other collider,
dark matter, eEDM, etc limits when benchmarking or
interpreting results.
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Searches for dark matter particle
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Electric Dipole Moment (EDM) of e−

https://sitn.hms.harvard.edu/flash/2014/

looking-closer-the-search-for-the-electron-electric-dipole-moment/

abdussalam@sbu.ac.ir 19

https://sitn.hms.harvard.edu/flash/2014/looking-closer-the-search-for-the-electron-electric-dipole-moment/
https://sitn.hms.harvard.edu/flash/2014/looking-closer-the-search-for-the-electron-electric-dipole-moment/


e− Electric Dipole Moment
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A Question: What are the ways of getting LLP from BSMs ?
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(2) MSSM30 and sample with LLPs
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The MSSM

MSSM-105: (M2
Q)ij , (M2

U)ij , (M2
D)ij , (M2

L )ij , (M2
E)ij ,

eφ1M1, eφ2M2, M3, M2
H1
, M2

H2
, tanβ, eφµ ,

(AU)ij = (aUYU)ij , (AD)ij = (aDYD)ij , (AE)ij = (aEYE)ij

Constrained MSSMs:
mSUGRA/CMSSM, mGMSB, mAMSB, LVS, G2-MSSM,
CMSSM: m1/2,m0,A0, tanβ, sign(µ) ; GUT-scale

pMSSM: MSSM-105 minus “extra” {CP-violating, FCNC}
tanβ, m2

H1
, m2

H2
; M1,2,3; m3rdgen

f̃1,2,3,4,5
, m1/2ndgen

f̃1,2,3,4,5
;At ,b,τ

MSSM30: systematic reduction of parameters, 1411.1663
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Motivation: pMSSM global fit

(1) mh ∼ 117 to 129 GeV @ 95% CR,
(2) mt̃1 ∼ 2 to 3 TeV, undetermined mb̃1

,mg̃, . . .

Y-axis: probability density See 0809.0284, 0904.2548
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Motivation: BSMs explorations proposal

Shehu S. AbdusSalam PhD Thesis, 2009

Proposal:
extensive, robust explorations of BSMs to pass on/from
(o) HiggsBound, SModelS, SUSY-AI, dark matter, & eEDM

(o) Then: HPC, statistical/ data analyses

(o) Today: Deep-learning and advanced HPC should be used
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MSSM30 sample with LLPs
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MSSM30 sample with LLPs
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(3) Summary, conclusion/outlook
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Conclusion and outlook

* Use mode-independent results (fiducial cross sections)

* Machine-learning leveraged global fits

* Reinterpret using published likelihoods

* Prospects w.r.t future facilities

* SuperWIMP scenarios
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Thanks for Listening!
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ATLAS LLP fiducial cross sections
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