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What is this talk about?

* Why do we see a Higgs ora W ora Z?
* How this affects flavor.

 What 'flavor' is.

* Are there experimental consequences?

* And what happens beyond the standard
model?



The Problem

* Consider the Higgs sector of the standard model



The Problem

Consider the Higgs sector of the standard model
* The Higgs sector is a gauge theory

L=— Wi W

Wi, =0, Wi—0,Wi+gfs. W, W,

-ws W, @

* Coupling g and some numbers f**



The Problem

* Consider the Higgs sector of the standard model
* The Higgs sector is a gauge theory

1 a Y ij1.j\ +
L:—ZWWW*; +(D_.h’) " D} h,

Wi, =0, Wi—0,Wi+gfs. W, W,
D!=8§"0 —ng“ tY
e Ws W"

* Higgs h, @

Coupling g and some numbers f*and t *




The Problem

Consider the Higgs sector of the standard model
* The Higgs sector is a gauge theory

1 a v ji.j\ + ay +
L:—ZWWWZ +(DJh’) " D} h+n(h"h, —v?)
Wi =0, Wi—0,Wi+gf, W, W\
D;=8"0, lgWa tY
*Ws W,

* Higgs h, @

No QED: Ws and Zs are degenerate

Couplings g, v, Aand some numbers f* and t



The Problem

* Consider the Higgs sector of the standard model
* The Higgs sector is a gauge theory

1 a \Y jpJj\ + ap +
L==2Wi W, +(D/h)" Dih+n(h"h, —Vv°)°
a __ a a a b C
WMV_aM W\;_8\/ Wu+gfbc WM WV

Di=8"d,—igW" ¢’



The Problem

* Consider the Higgs sector of the standard model
* The Higgs sector is a gauge theory

L:_lwa WMV+(Difhf) * Dlp;(h +7\,(hah ' _V2)2
4

=0, W,—0 W, +gbeW W,
U—éuﬁ —igW .t t)

* Local SU(2) gauge symmetry
Wi-Wi+(8,0,—gfo Wi’ hi—h+gt;b"h,



The Problem

* Consider the Higgs sector of the standard model
* The Higgs sector is a gauge theory

1 a v iie i\ + aip +
L=~ Wi, Wi +(D/h') " Djh+i(h'h, —v?)

Wi=0,Wi—0,Wi+gfy W W\
D/=8"0,—igwt!
* Local SU(2) gauge symmetry
Wi —Wi+(8,0,—gfpW.)d hi—=h;+gt;$"h,
* Global SU(2) Higgs custodial (flavor) symmetry

* Acts as right-transformation on the Higgs field only
W.>W, h; = h+ aijhj"' bijhj*
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Physical states

* Physical spectrum: Observable particles

* Experiments measure peaks in cross-sections
* Elementary fields depend on the gauge

* Cannot be observable
* Gauge-invariant states are composite

* Not asymptotic states in perturbation theory
* Higgs-Higgs, W-W, Higgs-Higgs-W etc.

 Why does perturbation theory work?
* Mass spectrum?
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1) Formulate gauge-invariant operator
0* singlet: (h" h)(x)(h™ h)(y))
2) Expand Higgs field around fluctuations
((h" h)(x)(h" h)(y))=c+v'n" (x)n(y))
v T+ T )
3) Standard perturbation theory

Bound
state Qh h)(x)(h™ h) C+V(
Mass x)n(y ><n n(:D+O g k

T 02X nggs mass:

Scattering state

Higgs
mass

4) Compare poles on both sides
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Mass relation - Higgs

* Mass spectrum can be measured on the lattice
* Mass of the scalar bound state and Higgs same

* Issues with scheme dependencies
* Coincidence? No.

* Duality between elementary states and bound states
h=v+n
(" h)(x)(h" h)(y)) =~ const.+(n” (x)n(y))+O(n’)
* Same poles to leading order
* Frohlich-Morchio-Strocchi (FMS) mechanism
* Deeply-bound relativistic state -not like QCD

* Mass defect~constituent mass - requires QFT
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Mass relation - W

* Can be done for arbitrary quantum numbers
* 1" custodial triplet: Same mass as W

e Same mechanism

(h* D) (x)(h* DR
h=v+n

~  const.+(W;(x)

ov=0
» Same poles at leading order

* Weak charge not observable
* Weak triplet transformed to custodial triplet
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Flavor

* Flavor has two components

* Global SU(3) generation
* Local SU(2) weak gauge (up/down distinction)
 Same argument: Weak gauge not observable

 Replaced by bound state - FMS applicable
+ + + h:V+1’] +
(&))" ({1 F) ~ (S () (y)+0(n)
* Gauge-invariant state, but custodial doublet
* Yukawa terms break custodial symmetry

 Different masses for doublet members
* Hard to test - but maybe even more possibilities
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Flavor of hadrons

* Flavor is replaced by custodial symmetry

* Straightforward for leptons

* Implications for hadrons?

* Open flavor must be replaced by custodial symmetry
* Requires Higgs component

* Consider nucleon

* qqg open flavor, cannot be gauge invariant

* Impossible to build a gauge-invariant 3-quark state
* Replacement: qggh

* FMS mechanism as usual yields QCD
* Detectable at LHC? Large QCD background. Test leptons
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w-H bound state
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u"-H bound state

e’"-H bound state
* Collision of bound states - 'constituent' particles
* Higgs partners just spectators

* Similar to pp collisions
* Sub-leading contributions

. : Large and detected
* New ones: Small, require more sensitivity
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* Higgs as initial state

* More contributions...complicated
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e-H bound state
'f';'j'fi,;'j’jiiiiw'u'—H bound state

/E

Z-H-H bound state

u"-H bound state

e"-H bound state A
A

* Description of impact? PDF-type language!
* Interacting particles either electrons or Higgs

* Fragmentation 100% efficient - like for quarks
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Status of the standard model

* Physical states are bound states

* Observed in experiment

* Described using gauge-invariant perturbation
theory based on the FMS mechanism

* Mostly the same as ordinary perturbation theory
* Note: QED requires subtleties as well

* |s this always true? No.

 Fluctuations can invalidate it
* Seen on the lattice - but SM is fine
* Local and global multiplet structure must fit

« Has to be checked for BSM theories
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BSM results

* 2-Higgs-doublet models
 Same gauge group, but larger custodial group
 FMS works like in the standard model
* Grand-unified theories
* Gauge group larger than custodial group
* Serious trouble —» Talk by Pascal Torek
* Implications for Technicolor
* No Brout-Englert-Higgs effect, no FMS
* Gauge invariance must still be maintained
* Lightest gauge-invariant state: Vectors?
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Summary

* Observable spectrum must be gauge-invariant
* In non-Abelian gauge theories: Bound states
* FMS mechanism: Success of perturbation theory
* Not guaranteed
* Implications for BSM phenomenology!
* Flavor is exchanged for custodial symmetry
* Higgs admixture to many states
* Small effect...
* ...but may be testable!
* Gauge-invariant perturbation theory as a new tool
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