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Triple top production
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single top (s-channel, t-channel, tW ) + extra tt̄ pair

W associated production is the largest

fb SM cross-section at LHC
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How it started
14 February 2023:

(...) we’re looking for a reliable SM prediction beyond LO for
the 3top production process (...) Could one be generated in a
matter of days/weeks (...) there are some non-trivial issues (...)

27 February: https://github.com/gdurieux/triple-top-nlo

24 March: four-top observation announcements at Moriond
large three/four top degeneracy:
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3 vs. 4 tops
Similar distributions:
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LO tttt =⇒ Robust predictions needed
for shape discrimination.

Subleading NLO EW orders are
relevant in 4 tops. [Frederix, Pagani, Zaro ’17]

New physics tends to contribute
simultaneously to both 3 and 4 tops.
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Technical difficulties
despite MG5_aMC@NLO automation

Channel overlap
- between tttj+j and tttW with W → jj
- between tttW +j and tttt with t → Wj (already at LO in 4FS)

→ handmade diagram removal script (MadSTR didn’t work)

300k loop diagrams at NLO QCD + EW
→ splitting orders, tuning compiler options, sustaining long runs

Four flavour scheme intractable at NLO QCD already
→ Five flavour scheme throughout
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Scale choice (inclusively)
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Scale choice (differentially)
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Differential NLO QCD K-factors
pp → tt̄ t̄W +
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More NLO QCD shape effects in tttW .
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Electroweak corrections to inclusive ttt̄W −

LOx ≡ O(αx α4−x
s )

NLOx ≡ O(αx α5−x
s )
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leaving just NLO1
relevant inclusively

Electroweak corrections to be further examined differentially!
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Setup agreement for reference inclusive rates
tttW and tttj separated, no cuts,

√
s = 13, 13.6, 14 TeV

all LO’s + NLO QCD, five-flavour scheme
input parameters: mt = 172.5 GeV

mW = 80.379 GeV
mZ = 91.1876 GeV
GF = 1.166637 × 10−5 GeV−2

mH = 125 GeV
HT /8 central scale for tttW
HT /4 central scale for tttj

7-point scale variation

PDF4LHC21_40_pdfas (93300) with αs = 0.118
both for LO’s and NLO QCD
separate PDF and αs uncertainties
compare with

NNPDF31_nnlo_as_0118_mc_hessian_pdfas (325300) default for CMS
NNPDF31_nlo_as_0118_luxqed (324900) used by ATLAS
NNPDF40_nlo_as_01180_qed (335900) newer

Results are on tape.
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Summary

Three and four top processes are hard to disentangle
and often affected simultaneously by new physics.

Robust predictions are needed to attempt shape discrimination.

HT /8 and HT /4 look like reasonable scales
for tttW and tttj .

EW LO’s and QCD NLO are relevant at the inclusive level,
EW NLO’s are not (maybe only differentially).

A setup has been agreed upon with ATLAS & CMS
for reference triple-top inclusive rates.

Gauthier Durieux – LHC TOP WG meeting – 6 November 2025 10

https://inspirehep.net/authors/1273362
https://indico.cern.ch/event/1588411

