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NLO —the Why, the What and the How

o theWhy

QCD corrections can be sizeable 0(10 — 20%)

Unphysical u /ur dependence is more suppressed

o the What

massive Vector Color Octets prominent feature (e.q. UED)

Appropriate low-energy theory (Coloron') renormalizable
without knowing UV

o the How

Massless particles lead to Infrared/Collinear Divergencies
Use Two Cutoff Phase Space Slicing
FeynArts/FeynCalc had (until now) no Coloron model/QCD@NLO toolbox

2 E.Simmons, A. Atre, R. Chivukula et al hep-ph/1304.0255



QCD@NLO: Divergencies
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Two Cutoff Phase Space Slicing
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Master formula
forany 2—2 —
processin
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Fig.4 The production pipeline showing the
implementation in the FeynArts/FeynCalc
framework

Soft Emission Integrals
[Beenakker, Kuijf,
Van Neerven, Smith (1989)]

Soft Loop Integrals 1
// T e o / ) T.Hahn hep-ph/0012260

?) T, Hahn hep-ph/1006.2231




And now
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Universal Extra Dimensions (UED)

Universal Extra Dimensions:

o Assume five-dimensional spacetime manifold

o To explain four-dimensional world impose boundary

conditions (Kaluza Klein Compactification/Orbifolding) ( ) 1 2 — ny
Y(xH,y) =—19o(x) + —Z X) COS —
o Fields W(x*,y) propagating can be decomposed into g VTR Vo) TR —~ Yn () R

Fourier modes

O 1y are the standard model modes, 1, a tower of (Current Limit: M > 1400GeV with AR~10%%3 @LO)
additional (heavy) excitations of mass M = %
wy) = AR(y) +0y0%(x,y) — gsf 0% (x, y) A (x, )
1
A% o A% 4 @M—E fab6221 5m0 (1 + Sy 0)OM™D AT
1 m mn —
— A" > A +0,0m — E—_f“bcz\/_ Yomb (V2 ( 2 " (14 ) AT AZ’*"’C)

DN, Deutschmann, T.Flacke, J. Kim hep-ph/1702.00401

— Truncation breaks gauge invariance! 2 K. Matchev, A.Datta et al hep-ph/1702.00413

) ATLAS hep-ex/1501.03555



Building a Non-Linear Sigma Model

SU(3)1XSU(3),xSUR)ywxU(1)y With massless gauge bosons A% ,Ag

Introduce a X field that transforms non-linearly under the full group

; a
- U ZUZJr X = exp (lX“T /f)

=vl
Wa) = vl With the vev of the Goldstone Boson y, breaking the SU(3),xSU(3),
For which we can built a Lagrangian that respects the symmetry
Ly = —Tr [(D z) D”Z] — 1Tr[F‘”F1 o] — lTr[1~"2‘”1~"2 o
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Diagonalized mass terms reveals a massive and a massless vector octet
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Renormalization

Fields and Masses

T 2 azT 2
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Coloron Production at LHC

Fig.6 Diagrams contributing to
the Born cross section
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I A) the virtual cross section
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B) Real emission part
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Cutoff Dependence

Fig.9 6. dependence of gy
(Myie = pp = pe = 1TeV, 8= 7x107°,
Vs = 14TeV)

Fig.8 85 dependence of gy
(Mg = ug = py = 1TeV, o.= 7x107°,
Vs = 14TeV)
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Scale Dependence
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Fig.11 Rapidity distribution of
the Colorons (M = Hr/ = 1TeV)

1.6

14

1.2

_I.IIIIII|III

1do

0.6 1 14 1.8 u/M [GeV] o dy
0.045

Fig.10 Variation of the scales (uzp = up) for 0.032

1TeV Colorons
0.019

0.006

-IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|I




Mass Dependence

o [fb]
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Fig.14 Mass splitting of the NLO cross M aSss S p | |tt| N g

section vs LO (quark channel only)
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...and now what?

We amended the FeynCalc/FeynArts package to properly include QCD corrections with dimensionally
reqularized Soft/Collinear divergencies

Pro Con
o Very modular procedure for different o Time intensive ME for large number of
models and different processes diagrams/external legs

Follow-up/Work in Progress:

o Signature/Coloron decay? Update Limits?

o Understand higher modes/UV sensitivity?

Thanks!




