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Introduction




Single Top production

Top quark produced at hadron colliders via:
e stronginteraction — top quark pair
e EW interaction — single top quark or
antiquark, has much smaller signal wrt
top pair production

SM single top w
productionis a

charged-current EW b

process with a Wtb

vertex

Three main modes:
e t-channel
e s-channel
e W associated production (tW)

Some properties:

-> production cross-section o, & thz
CKM matrix element;

-> Precise measurements of o, as well
as charge asymmetry measurement
(top vs antitop), can have impact on
PDF constraints;

= top quarks produced polarized —
almost 100% degree of polarization
in t- and s-channel.



Overview of ATLAS and

CMS Run 2 single top
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Differential cross sections and charge ratios at 13 TeV with 35.9 fb™!

Measurement of differential cross sections and charge ratios for t-channel
single top quark production in proton-proton collisions at Vs = 13 TeV

Event Selection: Signal Yield Estimation: Spin asymmetry from do/deID

e lisolatedeory || Fitto mT(\/\/),BDTt_chan,BDTtt/tW inthe distribution good agreement with SM
e 2/3jets . 2jlbreg and. m_(W) in the 3j2b r.eglon, NS P ——
e 0/1/2b-tagjets | | eachregsplitted by e/u and their s [ T T :
charge 2 o m I
Differential Cross-Sections Em—z;- ” /%;5251 exp. | total) P
Unfolding at parton and particle level s Zﬁg@;ﬁfgi?s '
-> good agreement with prediction of 4F scheme (with 5 10° -::ETC@NLOSFS N TN
Powheg/MG5@NLO+Pythia), 5F scheme (with S 12 W#,_i__ SR S
MG5@NLO+Pythia) does not agree as well for tand W p,. g 8-22: IIIIIII "‘" o T IIIII E

-> differential charge ratio in agreement with prediction -0 100 200 300
from all 3 PDF sets considered reronievel fop quaricpr (GeV)

Eur. Phys. |. C 80, 370 (2020) 6



http://dx.doi.org/10.1140/epjc/s10052-020-7858-1

CKM matrix elements in t-channel at 13 TeV with 35.9 fb!

Measurement of CKM matrix elements in single top quark t-channel production in ?
proton-proton collisions at Vs = 13 TeV

Objective: Measure |V, |, [V _|and |V _|with t-channel

4

Event Selection:
" 1lisolated e or g +m_(W) > 50 GeV
4 e 2jlbenrichedin ST  —BDT train ST, vs top pair, W+jets
e 3jlbenrichedin Squ, STqb—> BDT train ST _ vs ST
pair, W+jets
e 3j2benrichedinST  — BDT train ST, vs top pair prod.
Maximum LH fit to the three BDT discriminants

bty LOP

Y

CKM element measured:
¢ = SMunitarity constrain, 95% CL [V, |
IV 41?<0.057
=>» 2 BSM scenarios unconstrained
IV, | =0.988£0.024,and |V |*+|V,,|*=0.06+0.06

>0.970 and |V |*+

Phys. Lett. B 808 (2020) 135609



https://www.sciencedirect.com/science/article/pii/S0370269320304123?via%3Dihub

Measurement of t-channel production at 13 TeV with 140 fb™?

Measurement of t-channel production of single top quarks and antiquarks in pp

collisions at 13 TeV using the full ATLAS Run 2 dataset

ATLAS

EXPERIMENT

Event Selection:
o 1lisolatedeor y(p,>28 GeV, |n|<2.5)

o 2jets(p;>30GeV,|n|<4.5)

e 1b-tagjet(|n|<2.5, b-tageff 60%)

e Selectionon
o ET”“SS, m_(W) and p_(/) to reduce multijet bkg
o m(lb) to avoid bad modelling of t decays

2 SRs defined based on lepton charge
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NN to separate signal — trained on inclusive region

e 17 input kinematic variables of reconstructed object, W and t (m(jb), n(j) highest ranked)
e NeuroBayes package with symmetric sigmoid activation function

ATLAS-CONF-2023-026



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-026/
https://doi.org/10.1016/j.nima.2005.11.166

Measurement of t-channel production at 13 TeV with 140 fb™?

Measurement of t-channel production of single top quarks and antiquarks in pp AT L AS
collisions at 13 TeV using the full ATLAS Run 2 dataset EXPERIMENT

Profile Likelihood (LH) fit extract total t-channel cross-section, top quark, and antiquark cross-sections,
and their ratioR,.

Y bl i b oo [0V] R =i/
R sRaE T Measured 137 +8 8473 221+13  1.63610 05
- Predicted 134.2+2.2 80.0+1.6 2142434 1.6771501

Measurement result
ABMP 1.6 (5 flav.)
ATLAS epWZ16
ATLAS epWZtop18
ATLAS epWZVjet20
ATLASpdf21

CT18 —
MSHT2020
NNPDF 3.0
NNPDF 3.1
NNPDF 4.0
PDF4LHC21

Results in good agreement with NNLO predictions

Highest impact systematic uncertainties on cross-section
e top quark modelling (matching scale, PS, FSR)
e JES and b-tagging

Highest impact systematic uncertainties on ratio
e W-+ccross-section
e top quark parton shower (PS), PDFs

757755 1.6 165 1.7 175 18 185
R
ATLAS-CONF-2023-026
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-026/

Measurement of t-channel production at 13 TeV with 140 fb™?

Measurement of t-channel production of single top quarks and antiquarks in pp
collisions at 13 TeV using the full ATLAS Run 2 dataset

ATLAS

EXPERIMENT

EFT interpretations

Dim-6 operators in EFT to parametrize new
physics

e study of the 4 fermion operator Oq,Q(1’3)

e Maximum LH scan of C_ Q‘1’3):

Generalised CKM interpretation: no [V [,V ,|«|V
constrain
e Wtq vertex with g € {d,s,b} both in production and

decay 0357

tal Vel

I|III|III|III|IIIII T
ATLAS Preliminary ... 68% CL

95% CLis-0.25<C, Q<1’3>'<o.12 Setup: g — ke
set1CKM  **2
Assuming that [V, |, [V, | <[V, | ° SNttt
and t always decays in Wb the others two o=
f, - V,,=1016+0.031 06" | | parameters o
or restricting V,, € [0,1] and ! 00;2 L
IV,,[>0.95 at 95%CL ) fulV,

ATLAS-CONF-2023-026



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-026/

Measurement of t-channel production at 13 TeV with 140 fb™?

ATLAS

EXPERIMENT

Measurement of t-channel production of single top quarks and antiquarks in pp
collisions at 13 TeV using the full ATLAS Run 2 dataset

EFT interpretations

Dim-6 operators in EFT to parametrize new
physics
e study of the 4 fermion operator Oq,Q(1’3)

e Maximum LH scan of C_ Q‘1’3):
95%CLis -0'25<Cq Q(1,3) <0.12

Generalised CKM interpretation:

constrain

e Wtq vertex with g € {d,s,b} bothin L
decay 0357

Setup:

0.3F

0.25F

I|III|III|III|II]II T
ATLAS Preliminary ... 68% CL
Vs=13TeV, 140 fbo

+ Best fit

ATLAS-CONF-2023-026

set 1 CKM -
Assumingthat [V, |, [V, | «|V,,| u le:e)r::an::;zo, 3015 g
and t always decays in Wb the others two o'
f, - V,,=1016+0.031 06" | | parameters o
or restricting V,, €[0,1]and f, =1 oLl | —
[V, |>0.95 at 95%CL b iV,



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-026/

Events

Data / Pred.

Measurement of t-channel production at 5.02 TeV with 257 pb™?

Measurement of t-channel single-top-quark production in pp collisions
at Vs = 5.02 TeV with the ATLAS detector

35

30f
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0.65

o3

LA e AL n
e Data2017 ATLAS Preliminary 7
[ Single top t-channel s =5.02 TeV, 257 pb ™'
C Wijets Single-top ]
[ Mis-ID leptons £ + jets ]
OOt Post-Fit -
[ [ Other bkg. ]
[ [ Other single top .

E 2 Uncertainty %

E : : : I
2 03 04 05 06 07
BDT Response

Events

Data / Pred.

| L L L L DL L=

B
[ e Data2017 ATLAS Preliminary
- MSingle top t-channel s =5.02 TeV, 257 pb ' ]
- Wijets Single-top 7
r lMis-ID leptons £t + jets ]
CoOt Post-Fit S
[ [ Other bkg. ]

[ [l Other single top

ATLAS

EXPERIMENT

F 77 Uncertainty Y

0.3 0.4 0.5 0.6 0.7
BDT Response

Data with low pile-up <py>=2
2 SRs defined based on lepton charge

BDT with XGBoost package trained on inclusive regions
9 input variables and 3 fold cross-validation

Event Selection:

o 1lisolatedeor y(p,>18 GeV)

o Exactly 2jets (p;>23GeV, |n| < 4.0)
o 1b-tagjet(|n| < 2.5, b-tagging eff. 60%)

o 1untagjet (1.5<|n|<4.0)

o An(b,) > 1.5 to reduce top pair bkg

e Selectionon:

o mW,E™ m W+E ™ to reduce mis-1D bkg

o H,, m(l,b), m(W), m(t) to increase signal

purity

ATLAS-CONF-2023-033



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-033/
https://arxiv.org/abs/1603.02754

Measurement t-channel production at 5.02 TeV with 257 pb?

Measurement of t-channel single-top-quark production in pp collisions AT L AS
at Vs = 5.02 TeV with the ATLAS detector EXPERIMENT

. . . a N L L T T T
Profile Maximum LH fit to extract single top, and anti-top % " ATLAS Preliminary -
. . . . o I t-channel single-top-quark production
cross-sections, their ratio and the total t-channel cross-section. 3
@ 102
Results: 5 f
eSUIES: Variable| Predicted Measured ER
+0.06 +1.44 +1 04 § i ]
+0. _|_ _|_ 257 pb™' ATLAS CONF-2023-033
at_Chan 303—05 pb 266— 4.0 (Stat ) (SySt ) 10 § 140 :)b" ATLAS-CONF-2023-026 |
oy 20.3705 pb 19.5734(stat.) 13 (syst) : eyt ]
- . EPJ C77 (2017) 531 -
O't— 100t%:23 pb 71__‘_?2’%(Stat) 15 ( ) : _nggg&'\f?ﬁfZﬁﬁow)w’Cpmm(zm“ :
- CT10nlo, MSTWZOOBnI‘o, N;::DFZ.SnIo (PDF4LHC) -
Process observed at 5.02 TeV with a significance of 6.1c e 7 e e Tio T iz 15 14

Vs [TeV]

Cross-section measurement uncertainties — similar impact from statistical and
systematic uncertainties

Ratio measurement uncertainty is dominated by statistical uncertainty
ATLAS-CONF-2023-03



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-033/

Measurement t-channel production at 5.02 TeV with 257 pb?

Measurement of t-channel single-top-quark production in pp collisions AT L AS
at Vs = 5.02 TeV with the ATLAS detector EXPERIMENT

. . . o) A O
Profile Maximum LH fit to extract single top, and anti-top % " ATLAS Preliminary
. . . . o I t-channel single-top-quark prod
cross-sections, their ratio and the total t-channel cross-section. 3
@ 102
eSUIES: Variable| Predicted Measured EE ]
+0.06 +1.44 +1.04 ERR A o )
+0. _|_ _|_ 257 pb™' ATLAS CONF-2023-033
at_Chan 303—05 pb 26'6— 4.0 (Stat ) (SySt ) 10 § 140 :)b" ATLAS-CONF-2023-026 |
oy 20.3705 pb 19.5734(stat.) 13 (syst ) pb : eyt ]
- . EPJ C77 (2017) 531 -
O't— ]_OOt%% pb 71i?2’%(stat) 15 ( ) : ﬁHL:O17C;l(5)ger\\llt?::faﬁ(fqm0)10,CPC191(2015)74 :
L CT10nlo, MSTW2008nI'o, N;::DFZ.SnID (PDF4LHC) -
Process observed at 5.02 TeV with a significance of 6.1c e 7 e e Tio T iz 15 14

Vs [TeV]

Cross-section measurement uncertainties — similar impact from statistical and
systematic uncertainties

Ratio measurement uncertainty is dominated by statistical uncertainty
ATLAS-CONF-2023-03



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-033/

s-channel
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Measurement s-channel production at 13 TeV with 139 fb?

Measurement of single top-quark production in the s-channel in proton-proton AT LAS
collisions at v's = 13 TeV with the ATLAS detector EXPERIMENT

Event Selection: 1 e/u + E_™*>35GeV, m_V>30GeV to reduce W+jet bkg + at least 2 b-tag jets
e Define SR (exactly 2 b-tag jets) + 1 VR for W+jets + 2 VR for top pair production

| I I
ATLAS ¢ data
Vs =13 TeV, 139 fb™ " s-channel

Matrix Element Method to separate sig vs bkg: per-event LH

signal region, 1+2j M t-channel

calculation that final state Xis of processH___— P(X|H__ ) Post-Fit W .
proc pro Wt =

e use Bayes’ theorem to obtain a discriminant W Wsjets ;
"1 Z+jets, Diboson  —

B Multijet ]

72 Uncertainty

Highest impact systematics: top pair prod. normalisation and
modelling, s-channel modelling, JER, JES, and MC statistics

Results:
3.3(3.9)0 observed(expected) TobsPD] o5 [pD] B
significance 82759 103+04 &
. Oz'?oim*‘ 0.012 0.034 0.062 oi;(aSI X1)o

[HEP 06 (2023) 191



https://link.springer.com/article/10.1007/JHEP06(2023)191
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Inclusive and differential tW at 13 TeV with 138 fb!

Measurement of inclusive and differential cross sections for single top quark production

in association with a W boson in proton-proton collisions at vs = 13 TeV

£

30

25

20

15

AVOE

J'«’_illlllllllllllllllll

(1/0,4)do/d(leading lepton pT) (1/GeV)

35><10ﬂ3 138 1™ (13 TeV)
e —
- CMS —o Data
= Total unc.
mm Stat unc.

Event Selection:
o le®+1p (leading p;>25GeV)
e m(eu)>20GeV

Inclusive regions:

1j1b, 2j1b, 2j2b

Differential region:
1j1b + no loose jet

Use BDT to separate

tW vs top pair prod. in:
o 1j1b,2j1b

Use 2j2b as CR for top

pair production

Pred. / Data

80 100

120 140
Leading lepton P, (GeV)

|[HEP 07 (2023) 046

Differential measurement:

Max LH fit to extract signal and unfold to
particle level +normalise to o, - +Asimov
data for closure and performance

Fit to BDT discriminants +
subleading jet p;in CR to
constraint JES unc.

Inclusive measurement:

Results: o, = 79.2 &+ 0.9(stat)fg:g

Differential distributions good agreement, leading I+ p;and Ao(e,u)
slight disagreement. All DR, DS method have similar compatibility.

(syst) £ 1.2(lumi) pb

18


https://link.springer.com/article/10.1007/JHEP07(2023)046

Observation of tW in single-lepton channel at 13 TeV with 36 fb?

Observation of tW production in the single-lepton channel in pp collisions at v's = 13 TeV

. cMs 36 fb' (13 TeV) CcMS 36 b (13 TeV)
Eventselectlon: '_g E‘.‘[‘”‘Iallll"l rTTTTTT 'I‘I“'I‘III‘."E %450005I.I|;a'|allll """"" III|II||IIV||.||
= 70000F" gy uchannel, 3 7§ = 40000f- g e channel, 3j
le/u+ 2z 2jets + 1 b-tag jet E coooo Eueies 4 £ ssoo0p B
. ] F Claco 3 3 30000FCacp
Number of jets: o T el B
. E [Isingle t ] E_\:ISInglet
e SR: 3jets 30000 - EXTotlune. 4 HOOF ETestune. e
g sig. * 1 150005——lW5|94 10
e CRfor W+jets and multijet o 10000
E 5000
bkgs: 2 jets . of e
1.05

e CRfortop pair bkg: 4jets

Data/Pred
o
&
Data/Pred.

L Ll L L il il il i
0 2 4 6 8 10 12 14 16 18 12 14 16 18
BDT discriminant bin BDT discriminant bin

W+jet bkg normalisation and multijet bkg from data IHEP 11 (2021) 111

Signal Extraction: 2 BDTs (with e or i) trained with tW vs top pair production — distributions used for
Maximum LH fit

Results:

o = 89 + 4(stat) 4 12(syst)pb compatible with SM prediction at NNLO and N3LO
19


https://link.springer.com/article/10.1007/JHEP11(2021)111

Summary
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- ATLAS+CMS Preliminary
LHCtopWG

i s

Single top-quark production
June 2023

P

Summary

—_
()
N

Inclusive cross-section [pb]

Overview of single top results i v

t-channel 1
m ATLAS 12006, (2017)531, ATLAS-COI
® CMS wer  PL 135042
¢ LHC comb. sxepos 2019)088

tw
W ATLAS e

® CMS pALt PRL1
¢ LHC comb. suepos 2019088

s-channel
B ATLAS PLB756(2016)228, arXiv:2209.08990

® CMS JHEP09(2016)027
¢ LHC comb. sepos 2019088

- = = NNLO MCFM, JHEP 02 (2021) 040

el e |
e Relative uncertainties on inclusive [ '[-H- Th- 23‘:’1%8:12;?5;2“5‘;;&2;’;3.23 E
measurements: 105 Frm== I ccaio® POF S, umcertiny .
o 0, . —5.9%, R — 2.2% (ATLAS-CONF-2023-026) B M somme { ”L°Tw"” ]
o0, —5+42% -35% (JHEP 06, (2023), 191), i . }' f scalo® PDF & a, uncertainty .mmm:
O pan—>30% (IHEP 05, (2019), 88) 7 8 13 & [oV]
o 0,,—10% (HEP 07(2023) 046)
e Leading Uncertainties:
o signal modelling, jet (JES, JER), bkg modelling — t-channel
o top pair modelling, signal modelling and jet (JER, JES) — s-channel
o bkgnormalization (multijet, W+jet), jet (JES), signal modelling — tW mode
al


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-026/
https://link.springer.com/article/10.1007/JHEP06(2023)191
https://link.springer.com/article/10.1007/JHEP05(2019)088
https://link.springer.com/article/10.1007/JHEP07(2023)046

Summary

Overview of Run2 results on single top production cross-section

e t-channel
o New t-channel results from ATLAS at 13 TeV and 5 TeV
o Inclusive and differential cross-section measurements

e s-channel
o ATLAS measurement with full Run2 data with evidence of the process

e tWmode
o CMSobservation and measurement in dileptonic and semi-leptonic channels

Good agreement is found with SM predictions

22
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Summary

Overview of single top results
e Relative uncertainties on inclusive

measurements:

© o.t-chan

o 0,,—10% (HEP 07(2023) 046)

e Leading Uncertainties:

—5.9%, Rt—> 2.2% (ATLAS-CONF-2023-026)
© O 4o —+42% -35% (JHEP 06, (2023), 191),
i Chan—>30% (IHEP 05, (2019), 88)

ATLAS+CMS Preliminary
LHCtop WG

June 2023

meas
|fLVV|b| h

NLO+NNLL MSTW2008nnlo

"'SE»R[)g total theo
3 2011; 091503, PRD 82 (2010) 054018,

PRD 81 (2010) 054028’

Ao, scale@ PDF
ot:eo 5 GeV
[fLyVipl* (meas)+ (theo)
t-channel:
LHC Comb 7+8 TeV" - 1.020 + 0.040 + 0.020
JHEP 05 (2019) 1688 H
CMS 13 TeV* —toi—i 0.98+ 0.07+ 0.02
PLB 800 (2019) 135042 (35.91b")
ATLAS 13 TeV* [ 1.02+ 0.03 (meas® theo)
ATLAS-CONF-2023-026* (140 fb™)
tw:
LHC Comb 7+8 TeV"” —t—— 1.020 + 0.090 + 0.040
JHEP 05 (2019) 388
ATLAS 13 TeV* 1 1.141£0.24£0.04
JHEP 01 (2018) 63 (3.2 fb")
CMS 13 TeV —t——t—i 0.94+0.07+ 0.04
JHEP 10 (2018) 117 (35.9 ™) H
s-channel: 5
LHC Comb 8 TeV' i - — 0.970 + 0.150 + 0.020
JHEP 05 (2019) 088
all channels:
LHC Comb 7+8 TeV"” e 1.020 + 0.040 + 0.020
JHEP 05 (2019) 088
|nc|ud|ng top-quark mass uncertainty
o : NLO PDF4LHC11 (NPPS205 (2010) 10, CPC191 (2015) 74)
* Preliminary mcludlng beam energy uncertainty
| ; | oot NLO PDFALHC21 1 Prys. G Nucl Par Pys 40 080s0)
0.4 0.6 0.8 1 1 2 14 1.6 1.8
[fy Vil

o signal modelling, jet (JES, JER), bkg modelling — t-channel
o top pair modelling, signal modelling and jet (JER, JES) — s-channel
o bkgnormalization (multijet, W+jet), jet (JES), singal modelling — tW mode
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-026/
https://link.springer.com/article/10.1007/JHEP06(2023)191
https://link.springer.com/article/10.1007/JHEP05(2019)088
https://link.springer.com/article/10.1007/JHEP07(2023)046

ATLAS and CMS Run 1
single top

NEENICENE S
combination




Similar approaches for Atlas and CMS measurements:
e select 21e/pand 21 jet
e use MVAto separate sig vs bkg (BDT, NN, MEM)

e binned Maximum Likelihood (LH) fit to measure cross-section

Combination strategy:

BLUE method

All combined
measurements are

consistent with their

SM predictions

|[HEPOS, 2019, 88

Inclusive cross-section [pb]

102

10

LHCIopWG

ATLAS+CMS

dgde

t-channel
B ATLAS PRD90(2014)112006, EPJC 77 (2017) 531
® CMS JHEP 12(2012)035, JHEP 06 (2014) 090
¢+ ATLAS+CMS LHClopWG

twW
B ATLAS PLB716(2012) 142, JHEP 01(2016) 064
® CMS PRL110(2013)022003, PRL 112(2014) 231802
¢ ATLAS+CMSLHCIopWG
s-channel
W ATLAS PLB756(2016)228
® CMS JHEP09(2016)027
¢ ATLAS+CMSLHClopWG

=== NNLO PLB 736(2014)58
scale uncertainty

===NLO+NNLL PRD83(2011)091503,
PRD82(2010)054018, PRD 81(2010) 054028
tw: t contribution removed
scale ® PDF @ o, uncertainty

— NLO NPPsS205(2010) 10, CPC191(2015) 74
o= M= Mg,
CT10nlo, MSTW2008nlo, NNPDF2.3nlo
tW: p? veto for tf removal =60 GeV and =65 GeV
scale uncertainty

scale ® PDF @ o, uncertainty

ATLAS

EXPERIMENT

Considered value of m, = 172.5 GeV
for all measurements

ATLAS+CMS
LHCtopWG

Gmeas. 2 .
[fL Vil = VT from single-top-quark production
theo.
G0 NLO (t- and s-channel), NLO+NNLL (tw)

theo.

8o, :scale ® PDF ® o, ®m, @ E,

theo.” beam

m,=172.5 GeV [f.yVyl £ (Meas.) £ (theo.)
f‘!;;ﬁffé"f;“??‘;“vm o 1.02 +0.04 +0.02
ﬂ’}gS:fflgf;ympWG —t——t— 1.02 £ 0.09 +0.04
QI&E;CEE ;“TC(Z?WG ' o i 0.97 +0.15 +0.02
e ey e Rsomson
1 N L L | L ' " " ' " | " s L 1
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https://link.springer.com/article/10.1140/epjc/s10052-014-3004-2
https://link.springer.com/article/10.1007/JHEP05(2019)088

s-channel and tW

s-channel SM prediction at NLO
Os—channel = 1032 Y222 (seale) H0.27(PDE & g o o5 () pb

ATLAS+CMS Preliminary June 2023

LHGIopWG tW NNLO prediction
E=13§Te\:1’l\lnl31‘L=()1:ilail_G:J\I{|EP05 (2021) 278), ol e O'tSM = J1.7 ‘I_' 1.8 (Scale) i‘ 3.4 (PDF) pb

PDF4LHC21
~ scale ® PDF @ ag uncertainty

tW N3LO prediction
oo = 79.5 +12 (scale) +29 (PDF) pb

o,y T (stat.) + (syst.)  (lumi.)

ATLAS, L, =3.21b"

———— 94i10f3212pb
JHEP 01 (2018) 063

CMSeu, L =138 fo!

. . 792+09+7.7+12pb

arXiv:2208.00924

CMS l+jets, L =36 fb

g ; +4+12+
JHEP11(202|1n)111 %_'*H 89+4 21223 pb
| L 1 1 1 I 1 1 % 1 | 1 1 1 1 | 1 1 1 1 I 1 1 L
50 100 150 200
Oy [PP]
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CMS analyses:

e Measurement of differential cross sections and charge ratios for t-channel single top quark
production in proton-proton collisions at Vs = 13 TeV (Eur. Phys. |. C 80, 370 (2020))

e Measurement of CKM matrix elements in single top quark t-channel production in
proton-proton collisions at Vs = 13 TeV (Phys. Lett. B 808 (2020) 135609)

ATLAS analyses:

e Measurement of t-channel production of single top quarks and antiquarks in pp collisions
at 13 TeV using the full ATLAS Run 2 dataset (ATLAS-CONFEF-2023-026)

e Measurement of t-channel single-top-quark production in pp collisions at Vs = 5.02 TeV
with the ATLAS detector (ATLAS-CONF-2023-033)
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