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Project Overview

We are exploring Walking Technicolor (WTC) as a
dynamical alternative to spontaneous EWSB

WTC also addresses hierarchy problem and has a consistent
Higgs boson-like composite particle

WTC has interesting phenomenology - exploring heavy neutral
resonances using CalcHEP

Constraining the WTC parameter space - calculating
σDY (Z ′/Z ′′) through HEPMDB interface

Random scan of cross section in 4-D parameter space using C
code running over CalcHEP model
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WTC Overview

WTC is a strongly interacting theory with interacting bound states
of techni-fermions at TeV scale.

Coupling αS ’walks’ between scale of
Technicolor, ΛTC up to some Extended
TC scale ΛETC (red)

NMWT has global symmetry SU(2)L × SU(2)R × U(1)Y .

We have two gauge triplets in TC sector under hidden local
symmetry in the EFT. Physical particles are Z ′,W ′± and
Z ′′,W ′′±.
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Setup of NMWT

NMWT is encoded into the chiral Lagrangian (low energy
description)
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Key constructs in equation 1:

CLµ ≡ ALµ −
g

g̃
W̃µ, CRµ ≡ ARµ −

g′

g̃
B̃µ, (2)

Lagrangian parameters: m, r2, r3, s, g̃.
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Rephrase parameters in terms of vector-vector and axial-vector
masses and decay constants

M2
V = m2 +

g̃2(s− r2)v2

4
, M2
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g̃2(s+ r2)v2

4
. (3)

Use the Weinberg Sum Rules to connect effective L to underlying
theory

S = 4π

[
F 2
V

M2
V

− F 2
A

M2
A

]
, (4)

where FV , FA are vector and axial decay constants.
NMWT defined by 4-D parameter space

MA, g̃, S, s. (5)
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Current progress

Updated LanHEP model for Next to Minimal Walking
Technicolor

Replacing external code for Mass Matrix Diagonalisation with
inbuilt SLHA diagonalisation functions in LanHEP

Optimising field definitions in LanHEP in preparation for
NMWT with ND > 1 techni-fermion doublets

Ran C code scan to calculate Z ′/Z ′′ properties (widths,
branchings, couplings etc.) across 4-D parameter space grid

Used HEPMDB interface to calculate
σ(pp→ Z ′/Z ′′ → e+e−) across same grid

Writing/running C code to create ∼ 10M point random scan
over 4-D space
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Updating NMWT model - SLHA+ Diagonalisation

EW and TC gauge particles mix, gauge mixing matrix is
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where a = (1−r3+s), b = (1+r2−r3), c = (r2−r3+s) and d = (−r2+s).

Original NMWT model has external rotatef .f functions that
rotate M2

N and M2
C . These can be replaced by SLHA+

diagonalisation procedure.
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SLHA+ Diagonalisation - LanHEP
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Current Challenges - SLHA+

Implementing diagonalisation as shown reproduces correct mass
spectrum for gauge particles - success!

However, widths and branching ratios not correct - comparison of
old and new versions at parameter space values of MA = 500GeV,
g̃ = 5, S = 0.1, s = 0.0;

SLHA+ version of the model (right) needs extensions to
diagonalisation .lhep file to match procedure in rotatef .f .
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Extending to ND > 1

To write LanHEP model of WTC with SU(2ND)L ⊗ SU(2ND)R
where ND > 1, need to optimise LanHEP model to calculate with
increased number of fields/lagrangian terms.
Original

Optimised

Optimised field definitions (right) reduce LanHEP run time by
factor of ∼ 16.
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Calculating with CalcHEP

CalcHEP can be utilised through user defined C code - using this
method to calculate properties of Z ′ and Z ′′ in our NMWT model.

Built in CalcHEP functions can be written in to user scan to
collect desired properties

CalcHEP function Output

assignValW(”Parameter name”, Param) Parameter Value

pWidth(”Particle name”, &branchings) ΓParticle

findBr(branchings,”X,Y”) Br(P → X,Y )

findValW(”Constraint name”) Constraint value
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HEPMDB and IRIDIS

We calculate the theoretical cross section σ(pp→ Z ′/Z ′′ → e+e−)
across the 4-D NMWT parameter space using IRIDIS4, through
the HEPMDB interface.
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Exclusion on MA, g̃ from pp→Z′ /Z′′ →l+ l−  
 for 

√
s =13TeV at S=0.1, s=0, 

 including NNLO QCD Corrections

Exclusion region defined by region where σtheory > σexp, Z ′ and
Z ′′ exclude complementary regions of the NMWT parameter space.
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Calculating with CalcHEP

We want to repeat previous σ(pp→ Z ′′ → e+e−) calculation for
∼ 10M randomly generated points in the 4-D parameter space.

Can significantly reduce calculation time by splitting σ into parts;

σ(pp→ Z ′ → e+e−) = Br(Z ′ → e+e−)(c2
u+c2

d)

bb̄∑
qq̄=uū

w(PDF )qq̄.

(7)
PDF-functions for each subprocess can be extracted by finding
coefficients of

w(PDF )qq̄ = σqq̄(MZ′) = a exp−bMZ′ +c. (8)

Calculate couplings cu, cd, branching ratio, and w(PDF )qq̄ then
reconstruct 7 in C code.
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Generic σ(2→ 2) C Code
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Generic σ(2→ 2) C Code
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AA and AE: MA − g̃

Using IRIDIS we scan ∼ 10M points to set up Always Allowed and
Always Excluded regions by layering excluded points on top of
allowed for AA, and vice versa for AE.
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Current AA and AE regions based on Z ′ cross section.
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AA and AE: σ vs. MZ ′
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Implications for s dependence

AA and AE regions in the s− g̃ parameter space have been
constructed and show unexpected behaviour,
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Expect factor > 2 increase in Br(Z ′ → e+e−) due to s in certain
parameter space region - would lead to some region that is always
excluded. What is compensating for this increase due to s?
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Prospects/Future Work

Correct the SLHA+ diagonalisation procedure of NMWT
LanHEP model to reproduce correct branching ratios

Develop NMWT with ND = 2 model in LanHEP

Produce combined Z ′, Z ′′ random scan AA and AE plots

Explore s parameter phenomenology further

Predicted exclusions for increased LHC luminosity
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