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SM status
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● SM Higgs-like 125 GeV particle discovered

● SM validity up to the Planck scale

● no robust deviation from SM predictions observed

● no BSM particles

● direct/indirect limits         MBSM » v 
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Why EFT?
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BSM theory is unknown ...

● fields

● symmetries  most general interactions (ops.)→

● appropriate expansion param  decreasing relevance→

EFT … the simplest framework to capture physics
           essential for a given scale

● unknown “cplngs” from experiment
● desired precision        max n
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The SM building principles
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1. relativistic QFT

2. linearly realized local SU(3)xSU(2)xU(1) symmetry

3. vacuum invariant under SU(3)xU(1)

4. SSB due to the non-zero VEV of an elementary scalar

5. “R” interactions
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Two classes of effective BSM descriptions
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ESB is realized linearly

● elementary Higgs(es), weakly interacting
● expansion in
● the leading term         decouples
● SUSY is a typical example 

ESB is realized non-linearly

● dynamical Higgs scenarios, strongly interacting
● a derivative expansion
● the leading term does not decouple
● composite Higgs, extra-dim models
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EFT for linearly-realized ESB
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1. relativistic QFT

2. linearly realized local SU(3)xSU(2)xU(1) symmetry

3. vacuum invariant under SU(3)xU(1)

4. SSB due to the non-zero VEV of an elementary scalar

5. “R” interactions

the simplest version: SM fields only
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The D=6 effective Lagrangian
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where

under “reasonable” assumptions:

76 flavor universal D=6 ops
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CP-even Higgs cplngs  (hVV, hff)
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EFT for nonlinearly-realized ESB
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1. relativistic QFT

2. linearly realized local SU(3)xSU(2)xU(1) symmetry

3. vacuum invariant under SU(3)xU(1)

4. SSB due to the non-zero VEV of an elementary scalar

5. “R” interactions

the simplest version: SM fields only
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NL Lagrangian for a light Higgs
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Higgs h(x) … a singlet of the EW symm.

all CP-even bosonic operators with up to four derivatives:
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The NL CP-even bosonic ops up to 4 derivatives
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Linear vs. Non-linear
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✗ no one-to-one correspondence of the leading corrections

the bridge:

(a) independent NL ops tied to a single linear op

(b) leading NL corrections correspond to higher orders 
 in linear expansion

two effects:
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Linear vs. NL: example of (a)

M. GintnerEFT for BSM Higgs physics

… anomalous TGC's Z, 

… anomalous HZZ and HZγvertices

linear  deviations correlated→
NL      independent→
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Linear vs. NL: example of (a) … cont'd
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Σ≠0      BSM physics Δ≠0    NL BSM physics
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Linear vs. NL: example of (b)
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… TGC's g5
Z

EWPD:   -0.08 ≤ g5
Z ≤ 0.04   @ 90%CL
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dim = 8 leading
correction



Conclusions
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➢ EFT can investigate the nature of the ESB mechanism
 via its low-energy manifestation;

➢ symmetry realization related to weak vs. strong physics;

EFT provides:

● model-independent incorporation of assumed principles;

● model-independent parameterization of deviations from SM;

● simplifying tool focusing at the scale of interest;

● bridge between theory and experiment;

● strongly-interacting BSM's treatable by EFT's only

16



References

M. GintnerEFT for BSM Higgs physics

17


	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17

