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Finding BSM physics at the LHC
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Outline

* Despite a decade of (very impressive) searches for BSM
physics at the LHC, we have yet to discover anything

* | will present recent evidence that some of the most viable
options are flying under the radar of current searches

* | will mention possible solutions for finding these and other
models






Typical optimisation of an LHC SUSY

analysis
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Typical optimisation of an LHC SUSY
analysis

SUSY 2018 ATLAS Preliminary  Vs=8,13 TeV, 20.3-80.0 fo'  All limits at 95% CL
= 1 | |} T T I T  } T T | :‘ ] T T I: i} :L T T | T T T | I T T
% 300 ~ ) 7] ==+ Expected limits
9 B —| = Observed limits
O;F B i
< 250 .
£ B o ol % via
- P 71— ww 2
200 =t =] arXiv:1403.5294
150(— — om0
- W X1 X2 via
= - — WZ 2143l
100 __ arXiv:1403.5294
= arXiv:17
: arXiv:1803.02762
— arXiv:1806.02293
50 ] —— Wh  lbb+yy+T+3l
— rXiv:1501.07110
e e o [ S T h Vi e (S | e
900 200 300 400 500 600

m(%., %, ) [GeV]

Interpreting the result of the analysis beyond the simplified
model is very tough in general



GAMBIT: The Global And Modular BSM Inference Tool

gambit.hepforge.org EPJC 77 (2017) 784 arXiv:1705.07908
e Extensive model database — not just SUSY e Fast definition of new datasets and theories
e Extensive observable/data libraries e Plug and play scanning, physics and

likelihood packages

Many statistical and scanning options
(Bayesian & frequentist)

e laust LHC likelihood calculator

e Massively parallel

e Fully open-source
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40+ participants in 10 Experiments & 14 major theory codes
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Combined collider constraints on neutralinos and charginos
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Abstract Searches for supersymmetric electroweakinos  relic density can be obtained through the Higgs-funnel
have entered a crucial phase, as the integrated luminosity ~— and Z-funnel mechanisms, even assuming that all other
of the Large Hadron Collider is now high enough to com-  sparticles are decoupled. All samples, GAMBIT input
pensate for their weak production cross-sections. Work-  files and best-fit models from this study are available
ing in a framework where the neutralinos and charginos  on Zenodo.

are the only light sparticles in the Minimal Supersym-

metric Standard Model, we use GAMBIT to perform a  Contents
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Included constraints

+ Z and Higgs invisible decays

LEP cross-section limits

LHC searches for EW SUSY

I'(Z — inv.) = 499.0 £ 1.5 MeV
BF(h — inv.) < 0.19

Production  Signature Experiment
Xe X1 X; = qqxy OPAL [53]
(1=2,3,4) x°—-0 L3 [98]
X Xix; — a7 e X} OPAL [53]
(1=1,2) X% —e@vxixi OPAL [53]
X; X, — wviixd OPAL [53], L3 [98]
ISR ~ + missing energy  OPAL [99)]

Likelihood label

Source

ATLAS_4b

ATLAS_ 4lep
ATLAS_MultiLep_2lep_ Qjet
ATLAS_MultiLep_2lep_jet
ATLAS_MultiLep_3lep
ATLAS_RJ_2lep_ 2jet
ATLAS_RJ_3lep
CMS_1lep_2b

CMS_ 2lep_soft
CMS_20Slep
CMS_MultiLep_2SSlep
CMS_MultiLep_3lep

ATLAS Higgsino search [104]

ATLAS 4¢ search [105]

ATLAS multilepton EW search [100]
ATLAS multilepton EW search [100]
ATLAS multilepton EW search [100]
ATLAS recursive jigsaw EW search [101]
ATLAS recursive jigsaw EW search [101]
CMS Wh search [106]

CMS 2 soft opposite-charge lepton search [109]
CMS 2 opposite-charge lepton search [110]
CMS multilepton EW search [111]

CMS multilepton EW search [111]

Source: Anders
Kvellestad




L HC searches for SUSY dark matter

* In a test of exclusion power, we find no
general constraint on the MSSM EW
sector from the LHC!

arXiv: 1809.02097
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Allowing searches to glve posmve ewdence

* If we allow for the presence of a signal,
our results get more interesting

Mo (GeV)
mes (GeV)

A particular mass scale is picked out by
a series of anomalies in ATLAS and
CMS searches
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 All electroweakinos are light, and we
either have:
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ATLAS_MuktiLep_2lep_ljet

- Contribution from each analysis
to the 10, 20 and 3o best-fit regions

InL(s+b) —InL(b)

ATLAS_MubiiLep, Aep jot 2 00 ATLAS MubtiLep 3hep 2 00 ATLAS_RJ_Ziep Zjct

*  Blue: better than background-only
Red: worse than background-only

. , ; +  Most important contributions to
TS S S - best-fit region:

- ATLAS _4dlep
- ATLAS_RJ 3lep
ATLAS_MultiLep_2lep_jet

CMS_MultiLep, 2551 ep a - CMS. MultiLep, 3lep

ATLAS_MultiLep_3lep




Simplified model

x x —>W—>qq x Z(—>II

conventional wisdom
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“The ATLAS RJ excesses hint at a signal in a mass range that
is clearly excluded by the other analysis”

“This can't possibly be right”, etc



What's going on?

* The ATLAS simplified model only allows chi2-charge1 production
* Our best fit model has other light EW-inos and we get more complex processes
* Frequently get 4 gauge bosons in the final state — get jets as well as leptons!

)ﬁtj{g production, with e.g. Y7 — W+ + ¢{, xJ —

Zx3

5&%5@ production, with e.g. )’“('Sr — Wt + )zg — — SR3_WZ_0Ja: expected background 21.7 4+ 2.9,
Wr+Z4+xX),x3 =W+ =W +Z+x) observed 21

X3 X4 production, with e.g. Y5 — WT + ¢y —

WHt+Z+x0, X3 = Z+X7 = Z+W~ + X} — SR3_WZ_0Jb: expected background 2.7 £ 0.5, ob-

)285{2 production, with e.g. )28 — Z+j{?, j{g — Z+5€?
X5 X3 production, with e.g. X4 — h+ X7 — h +
W X2 2 W™+ X3 > W™+ Z 4+ X8

served 1

— SR3_WZ_1Jc: expected background 1.3 + 0.3, ob-

served 4
Y5 X3 production, with e.g. ¥y — W+ + 1§ —

Wr+Z+x% 5 2 W+ W +Z2+%
i XY production, with e.g. Y7 — W+ + %0, ¥ —
Wty = WH+w—+



ldeas for improvement

1) Perform dimensional reduction on global fit results to define optimum planes for
optimisation (simple, but not simplified models)

2) Unsupervised learning for LHC searches (see Adam's talk tomorrow)

3) BSM searches using new techniques (hopefully public within the next month or
SO...)



Summary

* A lot of excellent BSM searches have been performed at the LHC, but they
targeted the wrong thing (hindsight is 20/20 of course...)

* Current analyses allow for dramatic discoveries even in the Run |l dataset
* There are a variety of new approaches that may yet uncover BSM physics

* GAMBIT results provide an excellent playground for testing new techniques —
samples are freely available on Zenodo

https://gambit.hepforge.org/pubs
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