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{new light particles < direct searches
—

new physics at high scales < precision measurement

This talk:

e \Vhat are the observables that we want to measure?

e How should we measure/report them?



Effective Field Theory

e Effects of high scale new physics can be parameterized by

adding new effective interactions to the SM



Effective Field Theory

e Effects of high scale new physics can be parameterized by

adding new effective interactions to the SM

e Any new Iinteraction

=- scattering amplitudes violate tree unitarity at high energy



Effective Field Theory

e Effects of high scale new physics can be parameterized by

adding new effective interactions to the SM

e Any new Iinteraction

=- scattering amplitudes violate tree unitarity at high energy

= 'no lose theorem’



Effective Field Theory

e Effects of high scale new physics can be parameterized by

adding new effective interactions to the SM

e Any new Iinteraction

=- scattering amplitudes violate tree unitarity at high energy

= 'no lose theorem’

i TeV

2 2 2
AL = by (%hz“zu + 2w

hWHT \/\/;)
4

Ot1

| I N, my  _
-0.2:— ; + 5t17thtt

_0_4__ | —He

S HL-LHC

Ov1
Abu-Ajamieh, Chang, Chen, ML (2020)



Effective Field Theory

e Effects of high scale new physics can be parameterized by

adding new effective interactions to the SM

e Any new Iinteraction

=- scattering amplitudes violate tree unitarity at high energy

= 'no lose theorem’

i TeV

2 2 2
AL = by (%hz“zu + 2w

hWHT \/\/;)
4

Ot1

| I N, my  _
-0.2:— ; + 5t17thtt

_0_4__ | —He

S HL-LHC

Ov1
Abu-Ajamieh, Chang, Chen, ML (2020)



...but beware
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High Energy Signals

Exploit hardness of BSM contribution...
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High Energy Signals

Exploit hardness of BSM contribution...
...but beware of breakdown of EFT
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Can we be more systematic?
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\ UV model

SMEFT SMEFT

\ L/

»Ceff — LSI\/I(,U' — Eexp) + Z g,-(u — Eexp)oi

-~

physical observables

O; = function of physical fields W, Z,,, h, ...
Bottom-up approach: experimentally constrain gi( = Eexp)

Classify: O; <+ Feynman rules for on-shell particles
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e Generically descendants are subleading if EFT s valid

Exceptions:

o Primary operators may be suppressed in certain UV models
e.g. PNGB models = h shift symmetry

o Accidental cancelations

In such cases, define “physical primary” to be leading operator
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Primary Observables
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e Breakdown of EFT Is a theory uncertainty

e Descendants parameterize uncertainty
Aﬁeff — Z gaoa [1 =+ fa(S/Mzr t/MZ)}
a

x| lyl <1

fa(XvY) — AaX+BaY+O(X21y21XY) Aq, Ba ~'1

fo <1: EFT valid

fo = 1. EFT breaks down
= large theory uncertainty in amplitude

e Statistical error model

N
fa(XJ/) — Z Ca,'ej(X,)/)

C,j = Nnuisance parameters (cai) =0, d0cyi =1
ei(x, y) = basis of shape functions
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Constraining Primary Observables

e Allows analyses to be optimized for sensitivity to EFTs

> M

e Can compare/combine different channels

e Constraints can be directly compared to UV models
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Monte Carlo data can be generated by reweighting

IM|? = |Msw|* +269(s/M?)Re(MEWOM) + g(s/M>)?[sM]’

0g(x) :5g[1—|—ZC,-e,-(X)] X = #
1 el(x)
e,-(x) =7 > X
N\
e2(x)

Need multiple error shapes to prevent predictivity in error region

Ci = nuisance parameters
L(5g, C) — Ldata(ég)Lprior(C)
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e Breakdown of EFT cannot be ignored in LHC EFT analyses
e A new kind of theory uncertainty
e Primary operators are good EF T observables

o Directly connected to signal channels

o Can be directly compared with UV models/SMEFT

e Mandelstam descendants parameterize EF T uncertainty

e Contribution to LHC legacy... ©



