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How to organize BSM predictions?

Simplified Models Effective Field theory
SM+gluino+neutralino DOFs:g, n, d, l, e,

I =2sn +igTg
H. Bu, W, Gu

+Mi Symmetries:
SU(3) xSU(z) x4(1)
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DarkSector Paradigm



WeaklyCoupled Dark Sector



StronglyCoupled Dark Sector
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Overwhelming theorySpace

Fixed-

Finite

(renormalizable)
options



Portal to Quarks

contactoperator

S-channel t-channel



Phenomena Driven

· Semi-visible jets
· Lepton jets
· Emerging jets
· Soft bombs

· Quirks

· Your awesome new idea?



Semi-visible Jets

Assume dark sector quarks
dominantlyinteractwithQCD.
Some dark mesons isdecay toQCD
Some dark mesons Me" are stable
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Missing energy aligned withjets



Semi-visible Jets

· (d(or Aa)
Pheno parametrization · Finv

· Md
TC, M. Lisanti, H.K. Lou
arXiv: 1503.00009

· Oportal



Signal is Background

TC, M. Lisanti, H.R. Lou, S. Mishra-Sharma (arXiv:1707.05326]



Benchmarking
· Pick a portal: contact operator

Ad =201
ac

· Pick some parameters. Tinr =
0.5

md
=10 GeU

· Determine limiton Oportal



Projected Limits

s-channel to channel models
See arXiv; 1707.05326



Model Dependence

Production Pick portal =>1=>Perturbative

Pick# colors and # flavors ->

Showering Sudahou factor Parton Shower

Need to know spectrum
Hadronization =>Fragmentation functions

=>Non-perturbative

Decay Depends on spectrum portal



Production in t-channel Model

95 -9D ED
~"dark quark"

I"mediator"

↳ "darkquark"



Production in t-channel Model

Wanthigher body diagrams for "matching"

↓a so



Production in t-channel Model

Wanthigher body diagrams for "matching"

"On-shell"mediators

- ↓

to oo



Showering
Under reasonable theoretical control



Hadronization & Decay
Phenomenological model

· Spectrum is non-perturbative
⑧ Fragmentation is non-perturbative

butexponential supression for

producing heavystates
=>

onlycare about lightest

· Decay, Vector mesons decay fast
scalar mesons chiralitysupressed



CMS Search
S-channel
model arXiv:I112. 11125
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CMS Search
Also provided
Stronger
limits using
BDTtagger



ATLAS Search
ATLAS - CONF-2022-038

t-channel
model



Frontiers

Dark
showers
-

- Exotics



Better Observables?

Jet substructure

·



Dark Substructure
2pointcorrelation function

e,
()

=E! Zizj(fij)
Generalization ofjetmass ( =2)

error

- envolope
Reory
systematic

TC, Doss, Freytsis
arXiv: 2004.00631



Theoretical Errors

Hadronization

TC, Doss, Freytsis
A arXiv: 2004.00631



Lund JetPlane

Tool to isolate hadronization effects

Recluster jet using Cambridge - Aachen algorithm
(Clusters according to distance in rapidity and 9)
Plotbranchings in Land Plane:angle 1 and

transverse momentum upof emission wort emitter

F. Dreyer, G. Salam,
G. Soyez

arXiv:1807.04758



Lund JetPlane

F. Dreyer, G. Salam,
G. Soyez

arXiv:1807.04758

⑲
from Yalk by G. Salam

Average over many jets



Lund Dark Jet Plane
TC, J. Roloft, C. Scherb
arXiv:2301.07732

↓
leading log density

~I

Cr=
for SU(N)

A
Varying

hadronization



Lund Dark Jet Plane TC, J. Roloft, C. Scherb
arXiv:2301.07732

Dark

Impact hadrons

of stages

a Decay
to

SM quarks

SM parton
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Performance us Resilience

uS
z

I 5 jet energysharing
- /EP

number ofS Better
7

constituents

Nextstep is to Variation wit-Yearinhadronization
design search



Machine Learning

F. Dreyer, G. Salam,
G. Soyez

arXiv:180704758



New Phenomena?



BrightFuture for Dark Showers
· More searches from

CMS and ATLAS!

· Improvements to sims

· Robustpredictions
· Machine learning
· Exploring model space

↑· New physics discovery?? Another DALL-E "original"



Backups



CMS Search



CMS Search
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CMS Search


