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« Weak interaction?
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» Elementary fields: Higgs and W

Wi W 4 (D)™t (DRg)" — U (¢ 6)

L=-

- Higgs potential: U=—u’¢'¢ %((bW)Q

(v + tha; (i)goo(az))

* Mass for the W’s from the Higgs kinetic term

Sl

- Expansion around vev:  ¢(z) =

(Do) Do = L

WiW*EH 4+ ..
2 4 K *



BUT!

* Elementary states are not gauge invariant
Cannot be observable

- Gauge-invariant states are composite
e.g., Higgs-Higgs, W-W, Higgs-W, ....

ng ¢
b Wel
» Bound states are not asymptotic states in perturbation theory

* Why does perturbation theory works at all?

- Higgs condensate exist only in some gauges A

» “Local symmetry breaking” vs Elitzur’s theorem Elitzur ‘81
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- Confirmed on the lattice for SU(2)-Higgs theory Maas 12
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» W-Higgs sector of the standard model

1

L=—=W.,W* 4+ (D,¢) D'¢ —U(¢'¢)

4
» Local SU(2)L. Symmetry
1

W, —UW, U — p

(0, 0) U1,
- Additional global SU(2)cust. symmetry
W, — W,, d—Vo+Wo"

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

where X = (gg P) = <_¢§>{

6

¢ —Ug

d1
D2
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* Full symmetry acting on the Higgs field: SU(2)L x SU(2)cust.

—¢1 P2

* W mass: bound state operator in 1- channel
O, =iTr (r'X'D,X)

» Expand Higgs field:
(0,,(x)05(y)) = g*v* (W, (z)W(y))d" 6" + O(¢?)

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

» Mapping of local to global multiplets
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* Necessary to construct suitable gauge-invariant state which
emulate elementary fermions

09(z) = X' (2) f* ()

« State remains custodial doublet

* E.g., (left-handed) electron and neutrino
ve _ vt (VY _ ¢2V — lee _ v
i <) ) <¢>;u+ ¢> o O Ho)

- Ordinary states remerge when applying FMS

* Phenomenological conseguences
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— ¢1d
o =x (1) = (G ) = (3) +ow

» 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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* 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

- Gauge-invariant perturbation theory as a tool
- Same results in leading order for the standard model
- BSM model building may be affected

» Verification requieres non-perturbative methods
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