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Theoretical calculations

Scalar leptoquarks at the LHC NLO & t-channel contributions

0" Scalar leptoquarks (LQs) are hypothetical bosonic particles coupling to both /LQ 9 ,-LQ 11— » Heavy LQs with mass m , are often produced close to their produc-
leptons and quarks; they appear in Grand Unified Theories (e.g. SU(5)) as " A Y tion threshold S ~ 4mEQ; the partonic threshold region s ~ lrmfQ
well as many Standard Model extensions (e.g. RPV SUSY). * - g — then defines the major contribution. The threshold limit is thus:

0" Recently, flavour anomalies have led to renewed interest in scalar LQs, as
they can reduce or even remove tension between theory and experiment. > ->=--LQ I— E — > -LQ ¢— - > - -1Q
< <

» Current exclusion limits for LQ masses are in between 1.2 — 1.8 TeV (depending on the generation). Y € Vi Y €, Vi Do LQ*
» Scalar LQs are colour-charged and lie in the fundamental representation of SU(3)... <o -1O° G <-1O° g _— » In this limit, phase space is heavily constrained, forcing higher-order

» They can therefore be copiously produced at hadron colliders such as the LHC (similar to tt* _ _ _ gluon radiation to be soft, which leads to logs In 5 to become large.
oroduction in the MSSM) and QCD corrections can be sizeable. » Real and virtual o corrections have been calculated. With large y, | B, Then soft terms factorise and can be resummed to all orders:

t-channel lepton exchange contributions become relevant.
» A power counting of the coupling orders up to NLO-QCD leads to:

NLO w/ t-channel _ G(O) 4 0(1)

Models and benchmarks

» The Lagrangian for scalar LQ interactions consists of the following terms: & . - The functions given in Mellin space, f(N) := fo1 dx xN1f(x), are:
L, 4 = scalar QCD interactions + yR S €, ST + yit (éf : LL)S]r + =R d_,g ?, 51 (QCD): O(al); - 5§19LLQLQ*,I(N): Born cross section for partons i, j,
IR = " Pl - ~Rl 3 ~ L {Ac Rt (t-channel): C)(y‘*) (‘)(y‘*a ); S AiAjA,S(N + 1): resummed soft-collinear & soft wide-angle terms,
+ Y57 e,Q Ry + yo U (LL : Rz) + yood, (LL : R2) + Y3 (QL -0, LL) (53) + h.c. (interference): 9(y2a) O(yzasz) > €010 (N): hard-matching coefficient.
with the different LQ fields L (13) _(+2/3) - - » The NNLL cross section is then matched to the NLO result.
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» The numerical evaluation is done with two independent implementations in MADGRAPH5_AMC@NLO and the POWHEG-BOX.
» Three PDF sets are employed: CT18, NNPDF3.1, MSHT?20; using NLO (NNLO) sets for NLO (NLO + NNLL) predictions.
» The central renormalisation and factorisation scale is set to [, = y, = m . The uncertainty is determined via the 7-point method.

We consider benchmark scenarios with one or more types of these fields, as required by a simul-
taneous solution of the flavour anomalies R, (. and R,): R, only (a), R, + S5 (b), S, + S, (c).

For these benchmarks, only certain Yukawa couplings are set to values other than zero.

Results: precision predictions
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o L1 - » For some points, the NLO-QCD and NLO w/ t-channel + NNLL results do not agree within their errors. a simple S, model with only one decay mode is studied.
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» The exclusion limits can be lowered by more than 50 GeV.
Additional non-zero couplings could lead to bigger effects.
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t-channel, soft-gluon, and PDF effects are of similar size, O(10%).

The best prediction can be influenced in contrasting ways; thus, for a
reliable prediction, all terms need to be taken into account.
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