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Allowed k; Modifiers for the /i s
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“...the Concrete Analysis of the Concrete Situation...”

Is there a relative minus sign between two cubic couplings g,z/z ‘SV and gZZ ?
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Experimental Analysis

e Sofar ‘ /IWZ‘ to be consistent with 1 with a

h
K
. . W
precision of 6%, where Ay, is defined as — .
K
7

o “However, this relies primarily on vector-boson
fusion (VBF) production, and associated

production, and decays into WW*and ZZ*”, all of
which scale with the square of ky, and k,.”

o “Therefore, the relative sign of these parameters
is nearly unconstrained by current
measurements, and they are both assumed to be
positive in the coupling combinations.”

See Also: CMS-PAS-HIG-23-007 (2023)
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Evading the 8¢ Exclusion
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Lesson From S. D. Joglekar

Asymptotic Softness

My a0, % | (Gady| TNE) | 1dy)| < 1 forall J

e The major proposal of our work is to identify that any deviation from the tree level SM couplings will violate
unitarity and warrant new physics interpretation (NP).

o The enersy scale at which the unitarity gets violated (AHI;‘?‘X) can be considered as the upper limit on the BSM

particles.

e Furthermore, the couplings of these nonstandard particles can not be arbitrary and precisely controlled by the
unitarity sum rules.

See: S-Matrix Derivation of the Weinberg Model by S. D. Joglekar (Annals of Physics: 83, 427-448 (1974))
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Revisiting SM: W, W, - Z, Z,

W; /7, Wl_;|_ 47,
W Zr
O
W, Zr,  Wp Z,  W. Zr
125 SM, 2 125 gE” h
M ;. (WLWL — 7,7 ) = l6ray = %ga, uge (WLWL — ZLZL) + M ; (WLWL — ZLZL) =0 [1 — KWKZ] + O (1)
1%

e The t-channel and 4-point vector boson diagrams individually takes the form of order 4 polynomials at the high energy limit.
My ~ aE® + bE* + cE*

e The s-channel diagram Higgs mediated digram is an order & polynomials at the High energy limit with the form ./, ~ aE’+ b E?

o After adding these three diagrams one can see the £ 4 dependence vanishes as an outcome of electroweak gauge invariance.

g2 E2 g2 E2
. In contrast, the Higgs diagram takes the value ~ :
M2, My,

. 11 case of the SM, the gauge boson piece takes the value ~

e This calculation dictates the governing principle to deduce the technical requirements for the LHC (or Lee-Quigg-Thacker Bound
M, /NP < 1TeV)
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Non Standard Scenario

Demanding q, < | one can evaluate unitarity violation scale using the following identity:

Ay?

=1/ 27v ~ 620 GeV

— ch gch
1 — Kkijk

e In the wrong sign limit one can determine (using optical theorem and zeroth
order partial wave analysis) that the bad high energy behaviour would appear
roughly around 620 GeV.
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A Minimal Solution

We are considering only scalars as a minimal choice. Inclusion of nonstandard vector bosons will introduce © (E 4)
energy growths leading to more severe consequences for unitarity violation.

We have also not considered the charged scalars couplings to SM fermions primarily because they will be relevant
for processes like f, f, = WZ/WW which do not involve k.

We will determine shortly, the most conservative direct search bounds on the nonstandard masses are obtained in
the limit 0, =~ 0.
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Unitarity Conditions
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First Proposition!

Consider one tier of BSM scalarsi.e. NV, ., = | and set: Ky = K]f’ =—xr=1

Hl Hl —
Ky'K, ' = 2
7\ 2 It is clear that, all these
(le) — 512 ﬁ relations can not be
0on satisfied simultaneously Ké{ 1
K k.t =0
Wf
Hl Hl -
Ky K = 2.

We will leverage the experimental uncertainties in K{}, and K]f‘ (denoted by €y, and € respectively) to accommodate

the possibility and obtain a finite value for Kgl. Using Ka, = 1 £ ¢y, Kjf’ = 1 £ ¢;and in the sum rules.
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Reductio ad Absurdum

Considering ki, = 1 % ¢y, K]f’ = 1 £ ¢, one will
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Second Proposition!

Consider two tier of neutral BSM scalar on top of charged scalarsi.e. N, =2, N ., = |1 and

. ho— h_ h o
Set.K‘W—Kf— 7 =

Assumption 1: M b < AT* ~ 620 such that bad high energy behaviour which is triggered due
to “wrong sign” choice can be eradicated up to sufficiently large enersgy

Assumption 2: The allowed values K)I({ 'from direct search limits, will raise the second unitarity

violation (A,) scale ie. AT <A, <A™
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Reductio ad Absurdum

Step 1 : Scan range k € [—1,1] to collect the a,llowed values such that M, < 620 GeV.

WZf

Note: Remaining relevant parameters (51, of the theory are dependent

Wzp

Step 2: Evaluate A™** using the identities
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Summary

o We propose a complementary method to probe the deviation of K)}é from unity.

e (Our method is immune to the concern regarding UV completion and prove that the deviation of the

K‘)}é value necessitate the emergence of the new physics at sub-TeV scale which is within the current

reach of the LHC.

e We have been able to show that even with two tiers of nonstandard neutral scalars brought in to
restore unitarity, the wrong-sign 777 coupling cannot be accommodated.

e NMost importantly, our current analysis exemplifies the fact that the so called “null results” in the
direct searches can be translated into nontrivial information regarding the couplings of the SM-like
Higgs boson thereby providing us with important insights about mechanism of electroweak
symmetry breaking.
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