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Motivation: from Precision to Scale

The Large Hadron Collider (LHC) at CERN has entered into the high luminosity era with center-of-
mass energy at 13 TeV or 14 TeV, where a great amount of data will be accumulated [1]. Although direct
resonance searches will continue to be one of main efforts at the LHC, the possibility to perform precision
measurement has drawn much attention recently [2–4]. The new physics effects on the SM processes below
the masses of the resonances can be captured by the higher dimensional operators in the effective field
theory approach [5–7]. In general, the LO observables in the low energy processes are the dimension-six
operators [8]. So given a SM process, by dimensional analysis, the contribution from new physics effects
compared with SM can be expressed as:
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Here g∗,m∗ is the typical coupling, mass scale in the new physics sector. The expected size of g∗ and the
power n is strongly dependent on the assumption about the UV dynamics at the scale m∗. Given a precision

δE in the energy bin E, we can reach scale as m∗ ∼
(
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. We can clearly see that to reach the same

mass scale, one needs less precision if the cross section is measured in the larger energy bin, which is the
advantage of the LHC compared with LEP. One can also infer that precision measurement will be more
relevant for searching for new physics of strong dynamics with large coupling g∗ and the large power n.
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Table 1: The expected size of the Wilson coefficients in different scenarios.

Motivated by the argument above, in Ref. [9], we have constructed a structurally robust scenario that
the SM transverse gauge bosons are part of the strong dynamics. In this scenario, the SM gauge couplings
g, g′ arise as small deformations of the symmetry of the new strong sector, where the multipolar interactions
of the gauge bosons respect the symmetry and can be enhanced by the strong coupling g∗. In other words,
the strong dynamic shows itself manifestly in the higher-derivative interactions of the gauge bosons. In the
pure SMPI scenario, the SU(2)local gauge group in the standard model can be considered as the smooth
deformation of the semidirect product group SU(2)global o U(1)3local, which is assumed to be the symmetry
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of the strong dynamics. Alternatively, one can view SU(2)global o U(1)3local as Inonu-Wigner contraction of
the gauge group SU(2)local with respect to its global subgroup SU(2)global [10]. Simple power-counting rules
select O3W as enhanced by the strong coupling and the O2W,2B have O(1) Wilson coefficient. One can enlarge
the symmetry group of the strong sector to incorporate the Higgs boson as part of the strong dynamics, which

is strongly motivated by the hierarchy problem. Broadly we can two options: SO(5) × S̃U(2) × U(1)X →
SO(4) × S̃U(2) × U(1)X denoted as SMPI + MCHM and ISO(4) × U(1)X → SO(4) × U(1)X denoted as
SMPI + ISO(4), where the ISO(4) is isometric group of the 4D Euclidean space SO(4)oT 4. The resulting
expected size of the Wilson coefficients are presented in Table 1. In particular, we see that the operator
OHW is enhanced by the strong coupling g∗ in the second case, which provides an interesting correlation
between the anomalous triple gauge boson couplings δgZ1 , δκγ and the hZγ vertex δghZγ :

δgZ1 =
δκγ

cos2 θW
=

δghZγ
sin θW cos θW

(2)

In Snowmass21, we plan to study the relevance of the dipole observables and the flavor processes in the
SMPI scenario as we expect these operators involved the gauge boson field strengths and can be potentially
enhanced by the strong coupling [11].
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