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Many Related Interpretations



D. HaydenMSU !3

Combination: Spin-1 Interpretation Link

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2017-31/


D. HaydenMSU !4

 

c3
0 0.2 0.4 0.6 0.8 1 1.2 1.4

cF

0

0.2

0.4

0.6

0.8

1

1.2

1.4

5 TeV: tt+tb
5 TeV: VV+VH+tt+tb
5 TeV: VV+VH+ll+lv+tt+tb

Mock Combination
95% C.L. Exclusion

, SigOn-1150 fb

cQ
0 0.2 0.4 0.6 0.8 1 1.2 1.4

cL

0

0.2

0.4

0.6

0.8

1

1.2

1.4

4 TeV: ll+lv
4 TeV: VV+VH+ll+lv
4 TeV: VV+VH+ll+lv+tt+tb

Mock Combination
95% C.L. Exclusion

, SigOn-1150 fb

Particularly interesting for Snowmass would be to look at VBF channels, 
where sensitivity is currently low due to dataset size.

Can use inputs from other Snowmass searches to perform combination.
• This is something we didn’t have for Snowmass 2013.
• Shows additional complementarity of improvements from this exercise.

What are the limitations in these new scenarios? Experiment? Theory?

Combination: Spin-1 Interpretation

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2017-31/
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 EFT Interpretations and Interplay
Effective field theory (EFT) can be used to probe BSM physics at high mass scales  ΛNP

K. Mimasu, 21/06/2018 SMEFT @ the LHC

From bumps to tails

• Possibility that new states exist (just) beyond the energy 
reach of the LHC 
• We may still observe indirect effects of such particles in the kinematic tails 

of distributions, e.g., LEP limits on ~ TeV Z’ 
• Intrinsically small effects that require precise theoretical control on signal 

and background predictions 

• Framework: SM effective field theory (SMEFT) 
• Theoretically consistent, ‘model independent’ approach to deviations of 

interactions between SM fields
3
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• Main advantage of EFTs is model independence.
– However, validity depends on the UV-complete BSM.
– E.g: inferring  from Fermi theory  depends on mW GF g2

50 Chapter 2. Beyond the Standard Model : The Effective Field Theory Approach

The coupling c
L2 has dimension m�2. From this Lagrangian, the decay width can be obtained as:990

dG(µ ! enµn̄e)

dp
=

c2(m2
µ � p2)2(m2

µ + 2p2)

768p3m3
µL4 (2.7)

Setting L = mW and c =
g2

2
2 in Eq. (2.7), we can match the decay width from the SM with that from the991

Fermi theory. The coupling of the EFT Lagrangian that appears in the 4-fermion contact vertex, c/L2, is992

thus related to the Fermi constant GF by GF =
p

2c
4L2 =

p
2g2

2
8m2

W
.993

This example illustrates the power of the EFT approach, as the Fermi constant, GF = 1.16 ⇥ 10�5 GeV�2,994

was measured from the muon lifetime much earlier than the discovery of W boson, and could thus be995

used to infer constraints on the W boson mass, even without knowing the underlying UV complete the-996

ory. However, for this bottom-up approach to work, the matching of the couplings in the EFT (i.e GF) to997

the UV complete parameter (i.e. mW) requires an assumption on the value of the coupling in the UV com-998

plete theory (g2). Hence, determining the validity of the EFT requires a degree of model-dependence.999

For example, for very small values of g2 = O(10�4), the bound on the W-boson mass can be even smaller1000

than the muon mass which contradicts the initial assumption (mW � mµ). The self-consistency of this1001

approach thus requires g2 � 10�2. In addition, an upper-limit on the mass mW  1.5 TeV can be obtained1002

by setting g2 to its maximally strongly-coupled limit g2 ⇠ 4p.1003

The description of the muon decay using the Fermi (effective) theory can be improved by considering1004

more terms, of order c(D=8)/L4, in the expansion of the EFT Lagrangian. The range of validity of the1005

Fermi (effective) theory can be deduced directly from Eq. (2.5), as p approaches the W boson mass mW1006

the approximation breaks down.1007

2.2 The EFT Expansion1008

As detailed in the previous section, the EFT framework provides a systematic expansion of the SM La-1009

grangian with additional operators suppressed by the mass scale, LNP. Therefore, one can construct the1010

most general EFT Lagrangian consistent with symmetry principles. The result of such Lagrangian will1011

be the most general S-matrix consistent with the assumed symmetry properties [82].1012

There are two main classes of effective field theories describing BSM physics:1013

• linear EFT, in which the Higgs boson h is included in a SU(2) doublet H. In this linearly-realized1014

EFT the doublet H transforms linearly under SU(2).1015

• non-linear EFT, in which general anomalous couplings are introduced for the physical Higgs boson1016

h [42]. The EFT, in this case, is known as the electroweak chiral Lagrangian.1017

In our analysis, we will study only linearly-realized EFT, i.e. the Higgs boson transforms under SU(2)1018

generating couplings proportional to h + v, where v is the vacuum expectation value.1019

In this section, we will review the different operators resulting from the EFT expansion at different1020

orders.1021

2.2.1 Dimension-5 (Weinberg) operator1022

The first BSM operators in the EFT expansion of Eq. (2.3) are dimension-5 terms. There exists only a1023

single dimension-5 operator built with SM fields that respects SU(3) ⇥ SU(2) ⇥ U(1) gauge invariance,1024

and is known as the Weinberg operator [83]. This operator violates the conservation of lepton number,1025

and hence its effects cannot be probed in the LHC due to strong constraints on lepton number violation.1026

2.1. Introduction to the EFT approach 49

ratio between the energy scale of the experiment E and high energy scale LNP (E/LNP) to keep only the942

most relevant terms of the expansion. This procedure is known as power counting [81].943

The O(D�5) operators are SU(3) ⇥ SU(2) ⇥ U(1) invariant. These operators will modify the SM cou-944

plings, and lead to observables deviating from the SM predictions. This defines the strategy of searching945

for BSM effects using the EFT: measure (constrain) the Wilson coefficients of D � 5 operators. The946

measured values of the Wilson coefficients at a given value of the high energy scale (LNP) can then be947

interpreted in a model-dependent manner as parameters of a UV-complete theory. This procedure is948

known as matching [43].949

In the following section, we will use the Fermi theory of weak interactions as a concrete example of950

the different EFT concepts introduced above.951

Case study: The Fermi theory of weak-interactions A famous example of the EFT paradigm is from the952

Fermi theory of weak interactions [32]. In this paradigm, the Fermi theory plays the role of an effective953

theory at lower energies for the SM which plays the role of a UV-complete theory at high energy scale954

LNP ⇠ mW = 80.8 GeV. In this case study, we will use the muon decay µ ! enµn̄e as an example. For this955

process, the SM energy scale is much higher than the energy scale of the interactions, O(mµ ⇠ 100 MeV).956

In the SM, the muon decay is mediated by the exchange of a W boson, induced by the Lagrangian957

term:958

LSM �
g2
p

2

⇥
n̄µga(1 � g5)µ + ēga(1 � g5)ne

⇤
W+

a + h.c. , (2.4)

where g2 is the dimensionless weak coupling constant.959

The muon decay width can be computed from this Lagrangian and expanded as a series of the pa-960

rameter p2/m2
W :961

dG(µ ! enµn̄e)

dp
⇡

g4
2(m2

µ � p2)2(m2
µ + 2p2)

3072p3m3
µm4

W
(1 +

2p2

m2
W

+ . . .). (2.5)

where p is the momentum of the muon [82]. Therefore, given that m2
W � m2

µ � p2, the terms p2/m2
W can962

be neglected to a good approximation. The expansion is sketched in Figure 2.1, where the first order of963

the fundamental interaction is the effective vertex and the sub-leading terms are of the order p2

m2
W

.964

µ

�µ �̄e

e

W� GF

µ

�µ �̄e

e

= + O(
p2

m2
W

)

CorrectionsExchange of W— boson 
Standard Model [g2]=1

Effective vertex
Fermi Theory [GF]=-2

g2 g2

FIGURE 2.1: An example of the muon decay using the EFT paradigm. The SM picture of exchanging
W� boson can be thought of as the UV complete theory of a lower-energy effective Fermi theory with
the addition of O( 1

m2
W

) corrections. The SM coupling constant g2 is dimensionless (renormalizable theory),

whereas the Fermi constant GF has dimensions [GF] = m�2 (non-renormalizable theory).

On the other hand, in the Fermi effective theory, weak interactions are described by contact 4-fermion965

vertices with a coupling c
L2 , where c is the Wilson coefficient and L is the energy scale of the EFT, via the966

effective Lagrangian:967

LEFT �
c

L2
⇥
n̄µga(1 � g5)µ

⇤
[ēga(1 � g5)ne] + h.c. (2.6)

• Top-down approach to study matching scenarios and EFT/direct search interplay:
- Using existing EFT matching dictionaries (e.g. 1711.10391) 
- Mapping a resonance at high energy to lower energy EFT constraints 
- Study the effects of the  scale on the EFT validity 
- Study the effects of the dimension-6 operator truncation 
- Compare evolution of direct search limits with corresponding EFT constraints 
- Would it be possible to derive validity maps from one paradigm to the other? 
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2017-31/
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MSU Group

Improved jet identification 
algorithms in high pile-up 

scenarios.

Heavy resonance 
searches at future 

colliders

Improved understanding 
(reduction) of theory 

uncertainties.

The combination of those 
heavy resonance searches, 

and interplay with EFTs.

Various people at MSU working on different aspects, would be 
interested to find other people with similar interests to cooperate with.

2 Postdocs, 1 Grad, 1 Prof. 2 Profs.

1 Postdoc, 3 Grads, 2 Profs 
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