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* Physics beyond the Standard Model:

Hierarchy problem Matter anti-matter asymmetry Dark matter
SUSY... Baryogenesis... WIMPs

* The absence of evidence for new particles suggests that the new resonances
may be too heavy to be probed at LHC.

* Their quantum effects can be described by higher dimensional operators:
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New physics decouples from the SM.




* When different operators originate from the same heavy resonance, they are
likely correlated.

ALerr > = [ G, GGl + 15 UG' Ne; } G = Dy, D1}
32m2 M? |90 "7 ™ ad D,, : covariant derivative of heavy resonance
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sufficient & necessaryv\A / sufficient Operators are correlated.

Heavy resonance is charged under SU(2),
(D, > W, and G, D W,)

The aim of EFT analysis is to discover the nontrivial correlations of operators!

* Their Wilson coefficients may depend on the same new parameters, the
operator correlations can provide insights into UV complete models.

We investigate the correlations of operators in electroweak scattering channels.
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 Assuming that the quadratic contributions of operators can be neglected.
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* The deviations in the total cross section of various electroweak scattering

channels:
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* When these electroweak operators originate from the same heavy resonance,
they are correlated.
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If total cross section of ZW production is consistent with the SM prediction, it
can be attributed to a coherent cancellation of correlated operators.

—0.927Cw + 1.191 Cywns
12 ~ 0.
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This correlated behavior will determine a nontrivial relationship between these
Wilson coefficients, leading to a blind direction for these coefficients.

Blind direction in ZW production: —0.307Cw + 1.191Cywgp =0
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The Wilson coefficients of correlated operators may
depend on the same parameters of UV completion:
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Suppose these correlated operators originate from the 2HDM.
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1 Operator Wilson Coefficients
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T. D. Lee, 1973; John F. Gunion et al., 2003; G. C. Branco et al., 2012

Blind direction in ZW production: —0.307Cw + 1.191Cywgp =0
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The blind direction in ZW production determines nontrivial

| relations between UV parameters and SM couplings:
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The insights of UV completion can be directly derived
- from the blind direction with correlated operators.
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* When precise measurements of VBF[h] also consistent with the SM prediction,
the correlation of electroweak operators exhibits as

A VBF|[h] . —0.308 CHW ‘|‘0.172 CHWB ~0
T pp—jjh = A2 -

Blind direction in VBF[h] The blind direction implies:
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the UV complete models




* When the total cross section is consistent with the SM prediction, it can also
be attributed to the contributions of operators are individually suppressed.

— Ci101+Ch09+---~0
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Explore the non-vanishing contributions of correlated operators in complementary.

OHWB = HTTIH W;UB“V

v h ) .
/ \ The correlated cancellation 1in one channel can be
e — broken in another one.

* The correlated cancellation of these electroweak operators in ZW production
and VBF[h] can be validated by exploring their correlations in VBS(WW).
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{| =— vBsS(WW)
— - = VBS(WW) 50

Approximately
orthogonal

—— VBF[h]
1|—— vBS(WW)

Crw /A

If a deviation is observed in VBS(WW), it validates the operators exhibit
correlated cancellation in other scattering channels.

Cror+Ceo2+ - =0

If VBS(WW) also consistent with SM prediction, the heavy resonance

decouples from the SM.
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* We emphasize that the correlations of different operators can be crucial for
exploring new physics in a bottom-up approach.

* We investigate the operator correlations in various electroweak scattering
channels, and found that the operator correlations can provide insights into
UV completions.

* To validate the operators exhibit correlated cancellation in ZW production
and VBF[h] in complementary, the precise measurements of VBS(WW) are
vital.

Thanks for your attention!
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o pr(f) > 20GeV, |n(f)| < 2.5, my > 20GeV;  CMS collaboration, 2020
o pr(j) > 50GeV, |n(j)| < 4.7, ARy; > 0.4;
® M,;; > 5OOGGV, |A’l7”| > 2.5;




\ Operator Wilson Coefficients
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* If no deviation exist in di-boson production, vector boson fusion and ZH
associated production:

A1 = —0.0296, Ay =0.0632, A3 = 0.0057

* |f no deviation exist in di-boson production, vector boson fusion and vector
boson scattering:

A1 = —0.0360, A2 =0.0632, A3 =0.0138¢
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e The total cross sections are measured around electroweak scale v = 246 GeV,
while the matching of effective operators is conducted at cutoff scale A.

1

Ci(v) = Cy(A) =) T6.2 Vi

The RGE of Wilson coefficients can alter the operator
correlations, potentially modify the interpretation on

UV completion.

* The operator correlations at electroweak scale:

Caws(v)

CW (’U)

—0.78,

J

Cawp(v)
CHW (’U)

A
Cj(A)log v

= 1.79.

H o

A

* The operator correlations at cutoff scale A =1 TeV:

CHWB (A)
Cw(A)

The measured operator correlations can effectively
capture information about the UV completion, when

= 0.75,

C’HWB (A)

Cuw(A)

= 2.16.

the new resonance is not excessively heavy.
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B. Henning et al., 2014

1. Matching
2. Running
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R. Alonso et.al., 2014
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