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Physical spectrum: Observable particles
* Peaks in (experimental) cross-sections
Higgs, W, Z,... fields depend on the gauge

 Cannot be observable
 Gauge-invariant states are composite
* Higgs-Higgs, W-W, Higgs-Higgs-W etc.

 Why does perturbation theory work?
 Frohlich-Morchio-Strocchi mechanism
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What about the vector?

1) Formulate gauge-invariant operator
1" triplet:  ((*h* D,h)(x)(x’h* D, h)(y))
2) Expand Higgs field around fluctuations h=v+n
(" D) (x)(xh " D) (y)=v e (WElx) W ()" 4.
=v (W, Wl)+..

\

Exactly one gauge boson
for every physical state

Gauge-invariant operator has on-shell physical,
observable polarization states
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« Same argument: Weak gauge not observable
 Replaced by bound state - FMS applicable
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* 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
(x)” (¥) (x)”

h=v+n
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 Gauge-invariant state, but custodial doublet
* Yukawa terms break custodial symmetry

 Different masses for doublet members
e Can this be true? Lattice test
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Flavor on the lattice

 Only mock-up standard model

« Compressed mass scales
 One generation

 Degenerate leptons and
neutrinos

* Dirac fermions: left/right-
handed non-degenerate

* Quenched
« Same qualitative outcome

e FMS construction
e Mass defect

« Flavor and custodial
symmetry patterns

* Supports FMS prediction
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Scattering

Incoming (asymptotic) particle
FMS LSZ: Elementary and fluctuations

Elementary
Electron

Bethe-Salpeter amplitude:

/Calculabe in augmented PT
v(f(p)..;+[ da@(P,qDD;(p—q)D,(q)(h(q)f (P=q)...
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W\ /w+
. / Q\W

Elastic scattering, s-wave, 1602<s<250?



Phase shifts in on-shell VBS/VBF

« Reduced SM: Only W/Z and the Higgs

 Parameters slightly different
* Higgs 145 GeV and weak coupling larger
« Standard lattice Luscher analysis

* Qualitatively but not quantitatively



Phase shifts in on-shell VBS/VBF

¢
6
4 F | - - pert.
| . fitted
| 8
"= | 12
o | L 16
— __-"-' EU
Z 2r I'. et 24
T 28
\ T 32
0k \ s
S Y] =
- TRy
_2 = 1 1 ] 1 1
175 200 225 250 275
E 1GeVl

« Reduced SM: Only W/Z and the Higgs

 Parameters slightly different
* Higgs 145 GeV and weak coupling larger
» Standard lattice Luscher analysis

* Qualitatively but not quantitatively



Phase shifts in on-shell VBS/VBF

¢
6
A
|
4r | ------ pert.
| . fitted
a8
= ' 12
E__ |I --‘f...-' 16
"E‘- 2r II| ._--"F-'--. %E
= 28
32
X N
0 F ™S
S N =
PSS ~—a . 1 d
3 — Lattice data
_2 = 1 1 [ 1 1
175 200 225 250 275

E [GeVl

« Reduced SM: Only W/Z and the Higgs

 Parameters slightly different
* Higgs 145 GeV and weak coupling larger
» Standard lattice Luscher analysis

* Qualitatively but not quantitatively



Phase shifts in on-shell VBS/VBF

o
+ Born level

4r | ------ pert.
| . fitted
.a-"f-' B
= || 12
< , 16
= 1 T
E 2r I| ,_--"F-' %E

28
32

°f N\ S ol \\} - '
-7 L L L L ! :
175 200 225 250 275
E GeV]

« Reduced SM: Only W/Z and the Higgs

 Parameters slightly different
* Higgs 145 GeV and weak coupling larger
» Standard lattice Luscher analysis

* Qualitatively but not quantitatively



Phase shifts in on-shell VBS/VBF

| Born level FMS
| . .
+ Bornlevel + Higgs size of (40 Gev)™
|
al | ------ pert.
| e fitted
= '| 1
5 | 16
g 2f \ % 24
28
2 e Lattice data
175 200 225 250 275
E 1GeV]

« Reduced SM: Only W/Z and the Higgs

 Parameters slightly different
* Higgs 145 GeV and weak coupling larger
» Standard lattice Luscher analysis

* Qualitatively but not quantitatively



Phase shifts in on-shell VBS/VBF

20 r
®
E -
M
I 15 F
4t | 2
| = 1.0
—~ ' ©
P |
g 2 0.5

[ ,«"'?
| B
I | |
__.--.-;--rll'-"""- +
_____-___“--__J DID
0 F I \&
ko : I —
= - |

175 200 225 250 275 175 200 225 250 275
E [GeVl E 1GeV]

« Reduced SM: Only W/Z and the Higgs

 Parameters slightly different

* Higgs 145 GeV and weak coupling larger
» Standard lattice Luscher analysis
* Qualitatively but not quantitatively



Resummation effects



Resummation effects ats) M,



Resummation effects ats) M,

Standard perturbation theory

W/Z



Resummation effects ats) M,

Standard perturbation theory

W/Z

Resumming real emission



Resummation effects ats) M,

Standard perturbation theory

W/Z

Resumming real (almost collinear) emission: Weak jet



Resummation effects ats) M,

Standard perturbation theory

W/Z

Resumming real (almost collinear) emission: Weak jet

Ao 2 S
O In"—;

noresummation m
w

at 1 TeV of the same
order as strong
corrections



Resummation effects ats) M,

Augmented by correct
Standard perturbation theory asymptotic state

Resumming real emission

Ao 2 S
O In"—;

noresummation m
w

at 1 TeV of the same
order as strong
corrections



Resummation effects ats) M,

Augmented by correct
Standard perturbation theory asymptotic state

#
Resumming real emission Virtual and real
A O , § emissions compensate
O - ~In — (BN/KLN theorems)
noresummation mW

at 1 TeV of the same
order as strong
corrections



Resummation effects ats) M,

Augmented by correct
Standard perturbation theory asymptotic state

Resumming real emission Virtual and real

A O o , § emissions compensate
Onoresummation i 2 (BN/KLN theorems)
my, - substantial change:

at 1 TeV of the same Cancel this effect
order as strong
corrections




Resummation effects ats) M,

Augmented by correct
Standard perturbation theory asymptotic state
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Onoresummation i 2 (BN/KLN theorems)
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at 1 TeV of the same Cancel this effect:
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* Field theory requires change of asymptotic states

* Can be treated using FMS-augmented
perturbation theory

 Changes in the SM at one or two loop orders

* Potentially unaccounted-for standard model
background

 Discovery potential of a nhew non-trivial
field-theoretical mechanism

* In BSM physics: Qualitative changes

* Different spectrum
 Affects viability of BSM Scenarios
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