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Primary Questions (as of Today)

In light of LHC discovery...
how viable is technicolor?

Using the lattice, which channels

can composite EVV breaking be tested!?

VVhat is the best strategy to address
these questions!




LHC Dlscovery
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Both experiments

consistent with ~125 GeV scalar



Implications for technicolor!?
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Very restrictive...two theoretical possibilities:

|. “Pseudo-dilaton” near conformal window
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2. Scalar, Goldstone di-quark in real/pseudo-real rep.

- Need ext. sector to violate techni-baryon number?



Classic Question

Using the lattice, which channels

can composite EW breaking be tested!?

Goal: Address this question using pion scattering as probe
Techni-pion
1 Scattering &
W-W EW
Scattering LECs




Why WWV Scattering!?

® Central to perturbative unitarity question
Longitudinal Modes:
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Perturbative unitarity breaks down: v's < 2.2 TeV

Two possibilities:

|) New particles emerge that protect
perturbative unitarity

2) New strong dynamics emerge (ala QCD)

- Pion-pion scattering unitarized by excited states,
resonances, etc.



Our approach to WW

Effective Field Theory

(other approaches include Equivalence Theorem, etc.)

QCD Parallel: Seterminos
- » (known d.o.f.:
pions, kaons,
Pert. Theory
Coefficients etc.)

Determines

BSM
» ARG T[T (known d.o.f.:
Theory W, Z, etc.)
Coefficients




Hadronic Chiral Lagrangian

Include all terms that respect: SU/(2), @ SU(2)x
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Electroweak Chiral Lagrangian

EFT of EW scale physics resulting from TeV scale
physics

Include all terms that respect: SU(2);, @ U(1)y

At leading order: (Quite Simple)
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+ 1B LTV,

DU = 9,U + ig% WU — ig’U%BM

T=UrU" V,=(D,U)U



Electroweak Chiral Lagrangian

EFT of EW scale physics resulting from TeV scale
physics

Include all terms that respect: SU(2);, @ U(1)y

Higgs : : - -
VBV~ At leading order: (Quite Simple)
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Electroweak Chiral Lagrangian

EFT of EW scale physics resulting from TeV scale
physics

Include all terms that respect: SU(2), ®Eé1§(

Higgs : : - -
VBV~ At leading order: (Quite Simple)
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Electroweak Chiral Lagrangian

EFT of EW scale physics resulting from TeV scale
physics

Include all terms that respect: SU(2), @ U(1)y
At leading order:  f 54

At NLO: Q-5 Qg-Q1
1

1 1
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Dominant terms in VWVV: (other coefficients experimentally
bound/small)
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Electroweak Chiral Lagrangian

EFT of EW scale physics resulting from TeV scale
physics

Include all terms that respect:  SU(2);, @ Uy
At leading order:  f )4 SU(2)

At NLO: Q1-Q5 =11
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Dominant terms in VWVV: (other coefficients experimentally
bound/small)
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Hadron-EVV Connection
==ap Doublet EFT
\ —+0 ,
mg — 0 g,4 — 0
—+<9

—tr (8,UT0"U) + a5 [tr(8,UT0"U)]* + au[tr(0,U19,U)]




Hadron-EVWV Connection
Hadronic Multiple
==ap Flavors

myg — 0 g,qg — 0
p? << M7, M2 p? << M7, M2

—tr (0,U0RU) + a5 [tr(8,U0*U)]” + oy [tr(8,UT0,U)]°




Hadron-EVV Connection
Hadronic Multiple EW
EFT Flavors EET

mg — 0 9,9 — 0
p® < Mg, M, p° < Mg, M,

—tr (0,U0RU) + a5 [tr(8,U0*U)]” + oy [tr(8,UT0,U)]°

Interesting implication:

Direct probe of
strong dynamics!!!




LEC Scale Scorecard
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Pi-Pi Scattering

® (Cleanest and most understood hadronic | =9
scattering process: , * *
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Weinberg 1966: LO Prediction
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Gasser and Leutwyler 1985:  INLO Prediction
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Many Flavor Scattering

Bijnens, Lu 201 1:  “Maximal Isospin™
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Key Points:

|) No explicit flavor dependence in 1,

2) Reduces to two flavor result via matching conditions
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Many Flavor Scattering

Bijnens, Lu 201 1:  “Maximal Isospin™
M2 M2 41— Np+N2) M2  4(Np—1)
M — — P 1 | P F 1 P o L
PAPP = "o 12\ " T 16nF2 N2 e NZ pr(p)
Lpp =5121%(Lo + 2Ly + 2L + Ly — 2Ly — L5 + 2Lg + Lg)
Key Points:

|) No explicit flavor dependence in 1,

- Can compare different flavor theories directly!!
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2 flavor:

6 flavor:

Lattice Details

|0 DWF Ensembles:
- 323 x 64 x 16 lattices

Mq =

Mq =

0.010 - 0.030
0.010 - 0.030

Table 1: 2 Flavor

Table 1: 6 Flavor

myg +# Configs | # Meas My # Configs | # Meas
0.010 564 564 0.010 221 882
0.015 148 444 0.015 112 414
0.020 131 131 0.020 81 324
0.025 67 208 0.025 89 207
0.030 39 154 0.030 72 259




Mp/kcot(d)
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LO Weinberg dominance persists!!!!
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Two Flavor WWV LECs

NLO calculations of Mp Fp Mpapp

Three EQs, four unknowns

oy + af = (3.434+0.31) x 107°  p ~ 246 GeV

How robust is this result?



How Robust?

e Different Chiral expansion
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Subpar Fit Implies:

Need smaller
masses

Mot D e

of +af =(3.344+0.71) x 1073 ys. o) +af =(3.434+0.31) x 10~°
(this fit) (previous fit)

Even Still:




Where we Stand

Estimates for 99% CL bounds for 100 inverse fb:

—77x107° <adys <15x107°  Ebolij et.al.
~12x 1073 < as <10 x 1079 2006

Two Flavor results:

log 2 1 O(1)]
12872

oy (Mpr) 4 a5 (Mpy) = (3.34 £ 0.177093) x 1077

Six flavor shows early signs for enhanced
values, but is currently inconclusive



Future Directions...

|) Ultimately need:

- Different volume(s)
- More statistics & 0.0075 mass point

2)  Get W-W parameters in other ways!

- |=2 pi-pi D-wave scattering (more stats, operators)

- Pion form factors (more stats, mass points)
- Eff. Range & Shape Param. (more stats, volumes)

- NNLO analysis (more stats, mass points)

- PQ analysis (more inversions, volumes)



...More relevant directions

|) Lattice calculations of real or pseudo-real rep.

- Lattice simulations of SU(2) underway

2) Theoretical work

- Settle on viable SU(2) model
- Include 125 GeV scalar in EW Chiral EFT
- Connect SU(2) LECs to WW LECs

Bottom line:

Lattice + VWV scattering can say final word on technicolor
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