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Short Summary of Run |

* Discovered the Higgs boson with SM properties
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Flavor-changing decay!?
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Short Summary of Run

* No strong sign of BSM physics

Summary of CMS SUSY Results* in SMS framework
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Short Summary of Run |

* No strong sign of BSM physics

Summary of CMS SUSY Results* in SMS framework
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Next Particle from Colliders

* Longer time interval between theory and experiment

I The Standard Model of particle physics — ;eptons | Theorised/explained
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Short Summary of Run |

e A few tentative hints

" -
) =N

- 1= * no cross confirmation
. from CMS and ATLAS

+ lepton flavor dependent

+ understand more of the
boosted objects

see more talks about
them here

e - = { ) —

—_——— -

from discussion with B. Dobrescu@Fermilab in May 2015
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What to Anticipate for LHC Run II?

* Increase the reach for well-motivated new particle

masses by a factor of few
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* search for brand new (less-motivated) signatures

* no story change yet; but the focus of searches will be
shifted
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Physics Driven
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* The new physics scale is
generically at ~TeV

* LHC Run 2 will be the right one
to discover them

* Hope Nature will not have a
meta tuning such that the LHC
is just below the threshold
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Naturalness: top partner

* The leading model is supersymmetry. The Higgs field
could also be a composite particle.

* To cancel the top-quark induced divergence, we can
have bosonic or fermionic top partners



Top Partners at Run |
Gl = 0 A the signal is ttbar+MET

Early work: Meade and Reece, hep-ph/0601 124
Kong and Park, hep-ph/0703057
Han, Mahbubani, Walker, Wang, 0803.3820

Endpoints: YB, Cheng, Gallichio, Gu, 1203.4813
Cao, Han,Wu,Yang, Zhang, 1206.3865
Killic and Tweedie, 1211.6106
Spin-correlations:  Han, Katz, Krohn, Reece, 1205.5808
Top-tagging: Plehn, Spannowsky, Takeuchi, 1205.2696
Kaplan, Rehermann, Stolarski, 1205.5816
Dutta, Kamon, Koley, Sinha,Wang, 1207.1893
Shapes of missing Et: Alves, Buckley, Fox, Lykken,Yu, 1205.5805
Topness: Graesser and Shelton, 1212.4495



Kinematical Variables for ttbar+MET

* Noticing the main background is dileptonic ttbar, one
can construct the asymmetric MT2 variable. The
background is bounded by the top quark mass.
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Top Partners at Run |
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* WIMP dark matter has a scale ~
TeV and may show up at LHC

* Only subset of asymmetric dark
matter may has a TeV scale

* the generic EFT-based mono-X

signatures have been searched
for at the LHC Run |

Dark matter

* LHC Run 2 will concentrate
more on simplified dark matter
models

* there could be more exotic dark
matter signatures

17



Dark Matter@LHC Run |
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based on dark matter effective operators



Dark Matter FSR Signature




Dark Matter FSR Signature

Given the fact that dark

matter can be produced at
the LHC and couple to Z’;
Z’ must decay into hadrons
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Simplified Dark Matter Models

* Better description, but more models. One may have
several hundred models to work with.

* One should use LHC signatures to organize different
models. Finding signatures beyond the MSSM could be
useful.

21



Simplified Dark Matter Models

* Better description, but more models. One may have
several hundred models to work with.

* One should use LHC signatures to organize different
models. Finding signatures beyond the MSSM could be
useful.

Chromo-Rayleigh Interactions
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“UV”-Completed Simplified Models

5D —ay (X — XT) (Y192 + Poth1) — (X = XT) (y2 17502 + Y2 Voys5¢1)

* two representative one-loop diagrams (totally 6)
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* LHC signature: a pair of dijet- L

resonance plus MET
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YB, Osborne, 1506.07110 :
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Asymmetric Dark Baryon Model

UpM  _ MDMRDM ~y 5 ~ §

QBaryon MpNp

Two conditions:  (I): npym ~ 1y (2): mpwM ~ My
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Asymmetric Dark Baryon Model

UpM  _ MDMRDM ~y 5 ~ §

QBaryon MpNp

Two conditions:  (I): npym ~ 1y (2): mpwM ~ My

* (2) If dark matter is a “dark baryon” from a new QCD-like
strong dynamics in the dark matter sector

Aagep ~ Agep 7
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Asymmetric Dark Baryon Model

UpM  _ MDMRDM ~y 5 ~ §

QBaryon MpNp

Two conditions:  (I): npym ~ 1y (2): mpwM ~ My

* (2) If dark matter is a “dark baryon” from a new QCD-like
strong dynamics in the dark matter sector

Aagep ~ Agep 7

* Need to have QCD and dQCD gauge couplings related to
each other

23



IRFP to Relate QCD and dQCD Scales

YB, Schwaller, 1306.4676
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Ratios of Energy Densities

* the bi-fundamental particles can also be used to share
the baryon and the dark baryon asymmetries

QDM npmp i 79 mp

Bersom npmy 56 m,,

A B Gl E F G
Models YB, Schwaller; 1306.4676
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Signatures at the LHC
QCD jet

/ /7Td
U b D

\ / dark jet ——ry

QCD jet

dark jet — 7P

* dark pions can decay back to SM particles and are
generically long-lived
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Emerging Dark Jets

Schwaller, Stolarski, Veiler, 1502.05409
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* no obvious scales unless related
to naturalness or dark matter

compositeness
new dynamics

* looking for surprises from LHC;

T T B chance is not high

o fully utilize the LHC capability
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* no obvious scales unless related
to naturalness or dark matter

compositeness
new dynamics

* looking for surprises from LHC;

T T B chance is not high

* fully utilize the LHC capability

SUN)g SU@B). SU2)w Uy
W, = N 3 I 0

for another QCD-like dynamics, we anticipate both rho

mesons and pions B—
Kilic, Okui, Sundrum, 0906.0577

YB, Shelton, 1107.3563
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Di-fat-jet Resonance
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Di-fat-jet Resonance
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Di-fat-jet Resonance
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can provide an explanation why the recent di-boson ~ 2

TeV resonance does not show up in leptonic channels
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Signature Driven

(#2)
o\ >e

boosted
T displaced
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Signature Driven

(£
o\ >e

boosted
T displaced

While there are too many combinations, let us focus
QCD charged new particles
30



QCD Pair-produced Particles

Focusing on two-body decays, at least two QCD charged
particles in the final state

J(b;t)

>vg\/ - j(b7t)7€7777727W7h7ET

J(b7 t)7€7 e Za W) haET

u

=

31



QCD Pair-produced Particles

Focusing on two-body decays, at least two QCD charged
particles in the final state

J(b;t)

>\lg\ - j(b,t),g,T,”}/,Z,W,h,ET

J(b7 t)7€77—777 Za Wa h?ET

u

U

The most challenging one is the four-jet final state. The
smallest production cross section is a scalar color-triplet

X.
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Right-handed Stop Decay

from the following R-parity violating operator

N b O dig (i # )

Serve as a benchmark for purely jetty pair-production
searches (minimal color and spin)
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Delta R Distribution
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AR(subjets)

* Jet-Ht trigger: offline Ht > 900 GeV

* Capture stop decays in R = .5 C/A jets
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Jet-substructure Cut Flow

H; > 900 GeV
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Averaged Mass Peaks

Untagged
_Untagged |

# events /10 GeV (20 fb™)

S/B

- - N
D O O
© O o
o O o

1400
1200
1000
800
600
400
200

0.15-

0.1
0.05

100 150 200 250 300 350 400

m,,4 (GeV)

35

# events /10 GeV (20 fb™)

S/B

700 150 200 250 300 350 400

m,,q (GeV)



Sensitivities, untagged

Untagged, discovery Untagged, exclusion
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Sensitivities, b-tagged

>1 b-tag, discovery

Discovery significance (# of ¢’s)
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Results from

Tt production, T — bs (A,,,#0)

ATLAS Preliminary -
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ttbar+MET at LHC Run Il

LHC, Vs=13 TeV Cross section
T or bb* production
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the potential limits on the ¢’ mass are higher
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Non-Relativistic Limits of Heavy Particles
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one can understand those (-de
wave production cross sections
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Fraction of events

Velocity Distributions
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There is no sharp peak for the velocity distributions, but it
may help us to understand kinematics

Now, the question is how to use this understanding to
improve our searches for heavy particles
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Simple Kinematics

Consider one-step decay:
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so, the missing neutralino particles have similar pt’'s compared

to the top/anti-top pt’s

t—t+ Y
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M7 Distribution

When one separates the total f/- , one can restrict the
guessed neutralino momenta within a range of Fp
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PGS simulation:
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YB, Osborne, Stefanek, work in progress

the ttbar+jets background has a tail in M7 without a peak
structure; the S/B could be improved.
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Conclusions

Physics Driven

compositeness
new dynamics
extra-dimension

boosted
6 displaced

lots of opportunities at the LHC Run 2
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