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‘No new physics in LHC run 2"
but a few intriguing
discrepancies in rare top
production processes
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See Fabio’s talk on New
physics searches with top
quarks!
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https://link.springer.com/article/10.1007/JHEP01(2016)071#citeas
https://link.springer.com/article/10.1140/epjc/s10052-020-8388-6#citeas
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https://arxiv.org/pdf/2509.19038
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https://arxiv.org/abs/2312.04450
https://arxiv.org/abs/2410.23475

ttZ high mass measurement =~ o

e ttll high mass by ATLAS (EPJC 85, 1434 (202K))
e Sensitivity to new physics coupling to leptons and top quarks

e Also probedina global analysis by CMS (JHEP 12 (2023) 068)

e Searchingfor events with 3
leptons:

e 1from the top

e 2 notcompatible withaZ
boson

e With additional (b)-jets

Mass (GeV) e ttZ and ttW are the dominant
backgrounds
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https://arxiv.org/abs/2504.05919
https://arxiv.org/abs/2307.15761
https://arxiv.org/abs/2504.05919
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https://arxiv.org/abs/2504.05919

Simultaneous measurement of tty and tqy

e Complementary to the dedicated analysis on tqy by ATLAS
(PRL 131, (2023) 181901)

e First observation of tqy by CMS and first differential
measurement ever!

tqy production tqy decay tty production tty decay

R CH CM!
‘ % ATLAS |Sergio Sanchez Cruz 3
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https://arxiv.org/abs/2302.01283
http://cds.cern.ch/record/2957059?ln=en

Simultaneous tty and tqy
measurement NEW result

CMS-PAS-TOP-25-003

e Topology characterized by 1 lepton, 1 b-tagg
jet and one spectator jet

e Leading backgrounds due different processes,
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§160005— Z+jets  Wity—2 Mtyq |
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e Electrons misidentified as photons 1ooco s
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e Dileptonic tty
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Data/Pred.
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BDT score

e Dedicated BDT trained to separate tty and tqy

ATLAS | Sergio Sanchez Cruz 12
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-25-003/index.html
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-25-003/index.html

Even rarer... top+dibosons et
g 80:—ATLAS 1 ¢ Data Bty -
* First observation of ttyy by ATLAS U pni iDL i S{}jiﬁfgnpt : =§,f:§,ejr

(Phys. Lett. B 874 (2026) 140195) - RSy E

e Minuscule fiducial cross section O(2fb) —

e Enhanced sensitivity to EFT, irreducible background to .
ttH production

e Very clean and pure selection: 1 lepton, 2 photons, 4 jets

e BDT used to enhance the sensitivity

e Observed significance for ttyy: 5.2 0 E .
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e Ratio ttyy/tty also measured consistent with the SM

ATLAS | Sergio Sanchez Cruz 1
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https://arxiv.org/abs/2506.05018

Top+dibosons... tWZ production " S "

AAAAAAN ] E

Z AAAAAAN
e tWZ production introduces additional sensitivity to i i
e Interference with the ttZ background 22O (1851 13 6 TEV
@ 700¢ pames — 200f:ﬁ;3TeVand136TeV) @ T - '2'Op'f2'ﬁ('z1?'T'e'v'§n'q1'3'§?y) 333_ - CMS g
(= - twz WZ+j = twz WZ+] i
% 600;—SR3|tWZ .:I(\tl)z):b Ec\c;?\[/))rompt =;(Z;1 E :(5)2 SR, ttZ I:I(\:)Zx+b L-E\I\/l:;?\p;)rompt =t)%yq 35 :_Prellmlnary = 9 CL —:
500; ¢ Data % Postfit unc. ¢+ Data 7 Postfit unc. B - 30 CL
3t ¢SM -
p + Bestfit 1
2.5 Y =
- ‘: { \\\ :
: 2 \ \ \ .
:lrl—-—---..... 77777777777777777 - \‘ \ ]
S 12f S 12 1.5 ‘-\\ \ e
8 tf///?///mfﬂmm g 1?////7// 7/7 e, //f % Y /! .
O o0.8F \ : E
g 03 04 05 06 07 08 09 1 03 04 05 06 07 08 09 | |y \\‘ ,- =
tWZ output node ttZ output node - N/
e Enhanced ttZ/tWZ separation wrt Run 2 analysis thanks e TR
to the usage of transformers | ' ' v
® Observed significance for tWZ: 5.8 o (3.5 o exp) PRL 136 (2026) 081802
ATLAS | Sergio Sanchez Cruz I 15

EC
A1

EXPERIMENT


https://arxiv.org/abs/2510.19080

Search for 3top production

e Very rare production mode O(2fb), sensitive to
FCNGCs

e Employing two channels: single lepton and
multilepton:

e 2same-sign or 3 leptons
e additional jets and b-tagged jets

e largest backgrounds: ttW and nonprompt
leptons

B |(CM
‘ % ATLAS |Sergio Sanchez Cruz
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-24-006/index.html

Search for 3top production

e BDT to discriminate 4tops from
background+3top

e BDT to discriminate 3tops from
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-25-003/index.html
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e Presented the most recent set of results
on rare top quark production o}
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e Excellent tests of the SM and probes for B, =
new thSiCS 3y O W oct

Month in Year

e ——T

e Mild tensions observed in some CMS B2 (s eson-
channels, but no clear picture (yet?)
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N
o
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e High luminosity allows us to explore
even rarer processes!
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e Upcoming results with Run 3 data:

e twice the luminosity, new sqrt(s)
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ttW structure Naive Actual
estimation*  correction
. W i o O(10%) 30-60%
LO QCD J / ’ '
Y 1 01 %‘<'—/>— t
M X : i
y 4 0 =
| " owa R e T
q q
O(0.1%) 12-13%  twotw 00
Z z/v t / : -
\‘\.WW.< s . scattering :
EWK \ L LO - JHEP 01 (2016) 071 -
N 2 : :
contribution \ ‘EPJC 8o, 803(2020)
a
7 M W O(0.01%) 0.02-0.05 %
% ATLAS |sergioSanchez Cruz *See talk by R. Frederix in LHCtopWG meeting 20
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https://indico.cern.ch/event/1092350/contributions/4620359/attachments/2356785/4022038/frederix.pdf
https://link.springer.com/article/10.1007/JHEP01(2016)071#citeas
https://link.springer.com/article/10.1140/epjc/s10052-020-8388-6#citeas

tW — tW scattering - signal regions

Preselection Signal Region
Leptons 2 same-charge leptons 2 same-charge leptons
pT(l()) > 28 GeV > 80 GeV
pr(ly) > 20 GeV > 40 GeV
In(e)| <20 <20
In(w)| <25 2.3
N (jets) =3 >4
N (b-jets) > 1 = 4
pt(jo) o > 60 GeV
my; > 30 GeV > 125 GeV
|A77j| —_— >2.0
2 rr()) — > 250 GeV
Conversion radius (e) — > 50 mm

AT EXPERIMENT
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tW — tW scattering - background control regions

Control Regions 3J-CR 4J-loAn-CR 4J-hiAnp-CR Conv-CR CF-CR 3L-CR (17 Z) 3L-CR
Leptons 2 same-charge 2 same-charge 2 same-charge 2 same-charge (ee or ep) 2 same-charge ee 3 leptons 3 leptons
pr(ly) > 28 GeV > 28 GeV > 80 GeV > 28 GeV > 50 GeV > 28 GeV > 28 GeV
pr(l) > 20 GeV > 20 GeV > 20 GeV > 20 GeV > 30 GeV > 20 GeV > 20 GeV
pr(l) — - — — - > 20 GeV > 20 GeV
N(jets) =3 >4 >4 >4 >3 >4 =73
N(b-jets) > 1 > 1 > 1 > 1 > 1 22 =1
prJjo) e > 60 GeV > 60 GeV > 60 GeV > 60 GeV > 60 GeV o
myy > 160 GeV > 30 GeV > 30 GeV > 30 GeV — SFOC, € [81.1,101.1] GeV o
Mee ¢ [81.1,101.1]) GeV ¢ [81.1,101.1] GeV ¢ [81.1,101.1] GeV ¢ [81.1,101.1] GeV € [81.1,101.1] GeV - o
[An;] e < 2.0 > 2.0 (< 2.00R — - -
S pr(Jj) — = == < 250 GeV) = = =
Conversion radius (e) — > 50 mm > 50 mm < 50 mm > 50 mm — —
s — — — — < 100 GeV — —
Veto condition — — SR Veto — — — —
N /
e Charge flips ttZ Diboson
N J
Y

ttw QCD + nonprompt

flavor, nb, lep charge-binned HT binned

CM:!
% ATLAS |5sergio Sanchez Cruz 22
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tW — tW scattering - background control regions
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tty, tqy - production and decay

The tty process contains:
- tty production: photons from initial state quarks or off-shell top quarks

- tty decay: photons emitted in the top quark decay chain

oJiaqry zimeag Aq seyoieys

M
% ATLAS | Sergio Sanchez Cruz
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https://indico.cern.ch/event/1504894/contributions/6537925/attachments/3080869/5453737/LHCTOPWG_TOP23002.pdf

CMS Preliminary 138 b (13 TeV)

% 180001 -+~ Data B Vy+jets tty
tt t B DT g 16000 | Z+jets  Mtty—2/ M tyq
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C
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tty, tqy - background control regions

Vy validation region: nb=0

. < o -1
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tty, tqy - signal regions

e 2 -1 2.3 -1
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tty, tqy - unfolded distributions

CMS Preliminary

138 fb" (13 TeV)
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tty, tqy - systematic uncertainties

Impact from inclusive fit [%] Impact from differentigl fit [%]

)i M Yl

Systematic uncertainty

misID normalization +2.1, —2.1 +1.4, —1.6 +1.9, -2.1 +1.9, —-1.9
Related to lepton and vy +1.1, —-1.2 +1.6, —1.4 +0.9, —0.8 +1.5, —1.4
Nonprompt bkg. estimate +1.2, —1.4 +0.4, —0.6 +2.4, —2.5 +14, —14
Others +2.0, —2.0 +0.1, —0.3 +1.3, —1.2 +0.2, —0.4
Integrated luminosity +0.6, —0.9 +1.3, —1.1 +0.6, —0.5 +0.9, —0.8
Total systematic uncertainty +6.7, —6.6 +5.5, —5.5 +6.3, —6.3 +4.8, —4.8
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ttZ high mass - lepton flavor universality

ATLAS Other WCs fixed to 0 |
Vs = 13TeV, 140 fbo™' | = 68% Asymp. Cl |
95% Asymp. CI ]

Cti22 — Ct|11;‘
Cte22 — Cte11;‘
CQe22 — CQellE‘
Cqi22 ~ Cqi1
Cieqt22 ~ Cieqt11

3 3 |
Cieqt22 ~ Cieqta1}

20 20 00 20 a0
Wilson coefficient /A% [TeV-?]

M
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tWZ production - from evidence to observation

A
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https://arxiv.org/abs/2312.11668
https://arxiv.org/abs/2510.19080

tWZ production - background estimation

. x10° 200 fb™ (13 TeV and 13.6 TeV) - x10° 200 fb”' (13 TeV and 13.6 TeV)
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ttyy signal modeling

e Signal simulated as a 2—8 process at LO with Madgraph aMC@NLO
e LOcrosssection: 1.5+ 0.5-0.4 fb

e k-factor determined using 2—4 ttyy samples at LO and NLO (production
only)
e Resulting k-factor 1.7

oo CM!
‘ % ATLAS |sergioSanchez Cruz
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ttyy BDT

T
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59.8 fb-! (13 TeV)
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3tops - single lepton channel
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3tops - SS/ML category

e Two SS orthree leptons, HT > 250 GeV, 1+ jets, 1+ b-tagged jets, ptmiss > 5o
GeV, Z veto

M
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