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Ambiguities beyond perturbation theory
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« Spectrum qualitatively the same in QCD and Higgs-like region
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» “Local symmetry breaking” vs Elitzur’s theorem

» Gribov-Singer ambiguity
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2. Expand Higgs field in correlator in fluctuations around the vev
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3. Perform standard perturbation theory on the right-nand side
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4. Compare poles on both sides

- Confirmed on the lattice for SU(2)-Higgs theory Maas 12
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» W-Higgs sector of the standard model

L= — Wi, WH 1 (D) Dho — U(410)

» Local SU(2)L. Symmetry
1

W, —UW, U — p

(0, 0) U1, & — Ud

- Additional global SU(2)cust. symmetry
W, —=W,, ¢— ap+ Bo"

« Convenient to rewrite Higgs-Lagrangian
L=Tr[0,XT0*X] - U(TrX"X)

e X=69=(% 5)=(0 .
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* Full symmetry acting on the Higgs field: SU(2)L X SU(2)cust.
X = UL X Uenss x= (%00

» Possible to construct a custodial triplet which expands to the
elementary gauge triplet

(O (2) O3 (y)) = g2 (W ()W (9))87677 + O(p?)

 Flavor = weak gauge charge in a given generation

* Necessary to construct suitable gauge-invariant state which
emulate elementary fermions

* E.g., (left-handed) electron and neutrino

ve __ 14 L QbV—QbG . 14
oo (0)- (250) () o

* Pole of bound state the same as for the elementary fields

* Mapping of local to global multiplets
6
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» Quark sector different from lepton sector, bound in hadrons
- Hadrons singlets of strong interaction, not necessarily of weak interaction

* Obvious for baryons (strong indices suppressed)

CijquféQijX;l Or Qiqjqu;'X;jX};k

)
* Proton: Cijkl = A1 Eij5kl -+ Qa9 Eikéﬂ -+ as Ejkéil and =1

* Some mesons are weak-gauge singlets, e.g.,
w—meson (uu + dd)

- Not true for all mesons, e.g., pions 7 : OYOY(~ du)
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* SU(N) gauge theory + Higgs in fundamental representation

» Local and global symmetry group do not match for N > 2: SU(N) vs U(1)
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* Nonperturbative check for N=3
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» Observable spectrum must be gauge invariant
* Non-Abelian gauge theory: composite operator

* FMS mechanism provides a mapping of the local to the
global multiplets

- Same results in leading order for the standard model
- BSM model building may be affected

» Verification requieres non-perturbative methods
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