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Source: ArXiv:2107.13569 (A. Crivellin, M. Hoferichter, M. Kirk, C.A. Manzari, LS)
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3.2 Drell-Yan production (DY): POWHEG-BOX implementation

Input parameters Flavour structure Matrix elements

, and phase space
powheg.input Born.f

PhysPars.h Born_phsp.f real.f
init_couplings.f init_processes.f virtual.f

Input parameters:

94 0 (Real) Overall coupling-strength of the S U(4) gauge group. This sets the
overall coupling strength of U to fermions.

betal3x3 1 (Real) Relative strength of U to left-handed fermions of the third
generation (t v, and by, 7).

betaR3x3 1 (Real) Relative strength of U to right-handed fermions of the third
generation (brTg).

(Real) Mass (in GeV) of U.

(Real) Mass (in GeV) of the coloron G'.
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3.2 Drell-Yan production (DY): POWHEG-BOX implementation

Input parameters Flavour structure Matrix elements

, and phase space
powheg.input Born.f

PhysPars.h Born_phsp.f real.f
init_couplings.f init_processes.f virtual.f

Input parameters: NLO width (PackageX, cross-checked with FormCalc):

94 (Real) Overall coupling-strength of the S U(4) gauge group. This sets the
overall coupling strength of U to fermions.

betal3x3 1 (Real) Relative strength of U to left-handed fermions of the third
generation (t v, and by, 7).

betaR3x3 1 (Real) Relative strength of U to right-handed fermions of the third A = % f (mG’ /U) ,
generation (brTRg). 41

R —

(Real) Mass (in GeV) of U.
f(1) =176/3-327/(3V3),

L —

(Real) Mass (in GeV) of the coloron G'.

Source: ArXiv:2209.12780 (U. Haisch, LS, S. Schulte)
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3. High-energy searches at the LHC

3.2 Drell-Yan production (DY): POWHEG-BOX implementation

Input parameters

powheg.input

PhysPars.h
init_couplings.f

Kinematics the same as in the SM:

e We focussedonpp — 7777 + X.

e There are ideas to extend this to
pp — 1, + X.

Flavour structure Matrix elements

and phase space
Born.f

Born_phsp.f real.f
INnit_processes.f virtual.f

3 v

~& '/r"

2> 9/4/3
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3.2 Drell-Yan production (DY): POWHEG-BOX implementation

Input parameters Flavour structure Matrix elements

: and phase space
powheg.input Born.f

PhysPars.h Born_phsp.f real.f
init_couplings.f init_processes.f virtual.f

-

Sl

e Calculation with PackageX, cross-checked with FormCalc, numerical evaluation with LoopTools.

« UV divergences cancel between the G and G’ contributions, IR divergences handled with dimensional
regularisation. o0
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3.2 Drell-Yan production (DY): POWHEG-BOX implementation

LS: We express the virtual corrections below using the Mandelstam variables
S = 2d0 * dotp(p(0:3,1),p(0:3,2))
T = -2d@ * dotp(p(0:3,3),p(0:3,1))
U= -2d0 x dotp(p(0:3,2),p(0:3,3))

LS: Ratio between the coloron and Ul mass squared
X = ph_MGp*x*x2/ph_MU1lx*2

Factorizeable virtual corrections

LS: These include the one-particle reducible
diagrams. The other contributions
(box diagrams) are implemented below.

LS: This agrees with the result in ArXiv:2006.16250
UH 15/9/22: Checked!

deltazb = 4/3%(Log(dcmplx(st_muren2/ph_MU1lxx2))
#- Log(dcmplx(x)) - 0.5d0)
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LS: Ratio between the coloron and Ul mass squared
X = ph_MGp*x*x2/ph_MU1lx*2

Factorizeable virtual corrections

: These include the one-particle reducible
diagrams. The other contributions
(box diagrams) are implemented below.

: This agrees with the result in ArXiv:2006.16250
15/9/22: Checked!

deltazb = 4/3%(Log(dcmplx(st_muren2/ph_MU1lxx2))
#- Log(dcmplx(x)) - 0.5d0)

« Our U, code is available on GitLab (https://gitlab.com/lucschnell/Drell-Yan-LQ-NLO) and
soon on the POWHEG-BOX website.
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3.2 Drell-Yan production (DY): POWHEG-BOX implementation

c LS: We express the virtual corrections below usin
S = 2d@ * dotp(p(0:3,1),p(0:3,2))
T = -2d@ *x dotp(p(0:3,3),p(0:3,1)
U = -2d0 * dotp(p(0:3,2),p(0:3,3)

c LS: Ratio between the coloron and Ul mass square
X = ph_MGp*x*x2/ph_MU1lx*2

c LS: This agrees with the result in ArXiv:2006.16250
c UH 15/9/22: Checked!

deltazb = 4/3%(Log(dcmplx(st_muren2/ph_MU1lxx2))
#- Log(dcmplx(x)) - 0.5d0)

« Our U, code is available on GitLab (https://gitlab.com/lucschnell/Drell-Yan-LQ-NLO) and
soon on the POWHEG-BOX website.

* |t can be used to generate events (.Ihe and .hepmc) for dedicated MC studies.

* We have also implemented the contributions from SLQs, this is available on GitLab and the POWHEG-

BOX website, too.
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3.3 Drell-Yan production (DY): Phenomenology
Inclusive m__ spectra:
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Inclusive m__ spectra:
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b-tag/b-veto:

* Full NLO+PS analysis, LHC cuts
modelled in MadAnalysisS
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Signal-to-background
ratio is greatly

enhanced with b-tags
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3.3 Drell-Yan production (DY): Phenomenology
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3. High-energy searches at the LHC

3.3 Single-resonant production
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* Provides complementary constraints if the LQ mass is not too high. \\ /"/
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 Leptoquarks (LQs) yield interesting effects in low-energy precision observables.
- A possible solution of the CAA via first-generation SLQ contributions is excluded.

- Parity violation experiments (PVES, APV, CELNS) give strong constraints, could be
used to disentangle NP effects, if present.
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- A possible solution of the CAA via first-generation SLQ contributions is excluded.

- Parity violation experiments (PVES, APV, CELNS) give strong constraints, could be
used to disentangle NP effects, if present.

 LQ effects in high-energy searches are implemented in POWHEG-BOX at full NLO+PS.

- SLQ effects in Drell-Yan spectrum.
- U, from 4321 effects in Drell-Yan spectrum.

-Interesting interplay between non-resonant/resonant contributions, b-veto/b-tag

- Single-resonant SLQ effects in lepton + jet.
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