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What are we looking for?

We are looking for new physics beyond the SM
— new matter particles (colored, color neutral, DM, ...)
— new force carriers (Z', W', G’, dark photon ...)

— new phenomena which may not involve new
particles (indirect searches ...)

Each model and each particle has their own
(theoretical / experimental) motivations.

Two (naive) classes of BSM searches
— SUSY vs non-SUSY (exotica)

Searches for new fermions and new forces under the
second category (exotica).



New fermions

* New fermions arise in many different BSM models
— colored vs color neutral
— parity even vs parity odd
— chiral vs vector-like

— exotic electric charges (5/3, -4/3, 2 etc) vs
standard electric charges

* New fermions arise in many different BSM models
— direct production: pair vs single production

—indirect production from the decay of a heavier
particle



Vector-like quark pair praduction
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How to Search for BSM

There isn't a unique way. No right or wrong approach.

Start with precision measurement of SM. Use Higgs / top quark.

We have many “templates” for BSM physics.

Well “motivated” models: Supersymmetry, extra dimensions, strong dynamics etc

OSET: On-Shell Effective Theories (event topology with kinematics only)
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Alternatively, we could consider a strategy for searching
for theoretically-unanticipated new physics which avoids
a large trials factor by focusing on experimental
strengths. Searches for resonances decaying into pairs of
visible particles are experimentally very powerful due to
the localized mass peaks and have a rich history of
discovery.

Yet, due to a focus on subsets of theoretically-motivated
models, the landscape of such resonances is far from
thoroughly explored
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Unexplored Landscape of
Two-Body Resonances

e Let us consider all possible combinations of two reconstructed objects

(putting aside theoretical constraints.)
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Unexplored Landscape of
Two-Body Resonances

e Let us consider all possible combinations of two reconstructed objects
(putting aside theoretical constraints.)
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TABLE II. Theory models motivating two-body final state resonance searches. Here Z' and W’ denote additional
. . . : . ++

gauge bosons, R denotes R-parity violating decays of sparticles in supersymmetry, H denotes doubly-charged

Higgs bosons, H denotes additional neutral scalar or pseudoscalar Higgs bosons, L™ and QQ* denote excited fermions,

Xk Kk denote various Kaluza-Klein excitations of gravitons or Standard Model fields, p denotes neutral or charged

techni-rhos, LQ denotes leptoquarks, 77, B’, Q' denote vector-like top, bottom, and light-flavor quarks, and Q denotes

quirks. See also [38].

Craig, Draper, Kong, Ng, Whiteson 1610.09392



Unexplored Landscape of
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Two-Body Resonances




Survey of n=2 Final State at
the LHC
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Survey of n=2 Final State at
the LHC
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Existing two-body exclusive final state resonance searches at 7 and 8 TeV LHC, with striking
features that most diagonal entries have existing searches, whereas most off-diagonal
entries do not. (Numbers represent ATLAS/CMS references.)

& symbol indicates no existing searches at the LHC (7 and 8 TeV).

No Tevatron analyses included. No 13 TeV analyses included.

Craig, Draper, Kong, Ng, Whiteson 1610.09392



Extension with BSM

BSM — SM; x SM;

BSM — SM; x SM,

BSM — complex
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A -> B C, where B, C can be BSM particle.
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A ->BC ->(qq)(qq)

Figure 1:

0.1 ~ g(A, qq) < g(A,BB)

An illustration of the complementarity of the search for A (inclusive dijet resonance

Significant
Well-covered | improvement
by generic possible with
dijet search. dedicated
- search
>
~0.1
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search) and the search for B (boosted resonance search). Dotted circles indicate hadronic activity

that will likely be mostly captured by one (potentially large-radius) jet.

When my =

2 TeV

and mp = 300 GeV, the inclusive dijet search likely has reduced sensitivity to A — BB because

the B decay products are not well-contained inside a single small-radius jet.

g(A,BB) 2 g(A,qq) ~ 0.1, gains are possible for a dedicated search.

Therefore, when



» Given the lack of significant excess at the LHC and the lack of
a unigque theory to guide the search program, now Is the time
to consider diversifying the experimental sensitivity. Organizing
the possiblilities by final state provides a way forward.

* While the tradrtional search program will be able to
accommodate many of the possibilities described earlier; there
are not enough resources to consider all potential final states.
Therefore, dedicated searches will likely need to be
complimented with more model agnostic searches. Machine
learning methods may be able to automate this approach and
solve significant statistical challenges like large trial factors.

See talk by Ben Nachman



Going back to top partners

* We tend to set bounds on the mass of new particles.
e But there are other parameters in the model.
* For example, in models with top partners, the mixing angle between

the top partner and the SM top quark is an important parameter
and is constrained strongly (up to some model dependence).



Limits on the mixing angle
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« The mixing angle 1s highly constrained by oblique parameters.
\Sin 9L| <011 ~0.16 (formp <1~ 2 TeV)



Limits on the mixing angle

 Also the measurement of the CKM matrix element can be important.

) i g ‘\ .J.{': » //c'. [
V| = 1.019 + 0.025 p | S

h /r q b '--"-" v P ‘.'.nu “.

(7,8, and 13 TeV data combined )

 Back to the model, the coupling between #-W-b picks up cos 6,

from which we can obtain a bound on the mixing angle.
|sinf;| < 0.11 ( independent of mr)



Going back to top partners

* We tend to set bounds on the mass of new particles.
e But there are other parameters in the model.

* For example, in models with top partners, the mixing angle between
the top partner and the SM top quark is an important parameter
and is constrained strongly (up to some model dependence).

* What this means is that the partial widths of top partner decays to
conventional final states are strongly constrained, as top partner
Inherits properties of the SM top quark via mixing.

* |If there are other possible decay modes, which were suppressed
before, they may become relevant in the small mixing limit.



Exotic T decays
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« These decays are allowed
when sin 67, = 0, because we
can freely dial up and down
the couplings 1o

Counter terms

External self-energies

W and Z bosons loops

Goldstone bosons loops
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Branching ratios (ms > mr)

J. H. Kim, [. M. Lewis [2018]
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» In the zero-mixing limit, all classic decays are suppressed & vanishing.

1— t g 1s dominant due to the strong coupling.

I— ty, T— t Z are sub-dominant due to the weak couplings.



Non-Standard decays of Top partner

Wb tz tH tg ty t(S — g9)
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« Jop-partner may be long-lived, in the small mixing angle limit.
e |t may decays into other BSM particles, which could be

e scalar or vector

e color singlet, sextet or octet

« Similar classification can be done for most searches for new particles. It
is important to cover all possible final states, where machine learning
approach could be a possibility.

See talks by lan Lewis and Ben Bachman



TOP-DOWN AND BOTTOM-UP e

1707.03711




7

Credit: lan Shipsey

TOP-DOWN AND BOTTOM-UP

1707.03711

5
@)
| -
%m
)]
€=
De
O o
< C
S
D »
85
DD|
| -
O O
T 5
VrT
= O
(©
Tp)

Abraham Lincoln



Why Consider Exotica?

Some exotica aren’t really all that exotic
Urgent — real possibilities for the next run of LHC
You have the potential to advance science

Would experimentalists have thought of this if you
didn’t do this work™?

— Witten
...and you might actually advance science

Never start a project unless you have an unfair
advantage.

— Seiberg



e |t's fun

If every individual student follows the same current
fashion ..., then the variety of hypotheses being
generated...is limited. Perhaps rightly so, for possibly the
chance is high that the truth lies in the fashionable
direction. But, on the off-chance that it is in another
direction - a direction obvious from an unfashionable view
... - who will find it”? Only someone who has sacrificed
himself...l say sacrificed himself because he most likely
will get nothing from it...But, if my own experience is any
guide, the sacrifice is really not great because...you
always have the psychological excitement of feeling that
possibly nobody has yet thought of the crazy possibility
you are looking at right now.

— Richard Feynman, Nobel Lecture

THE ABSENCE OF
EVIDENCE IS NOT THE

EVIDENCE OF

ABSENCE.

CARL SAGAN



