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Top cross-section measurements
and rare ttX processes
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TOP QUARK

I s A iscovered at Fermilab in
¢ SO
N
i

1995, the TOP QUARK is
W short-lived as it is
ssive. Weighing in at

Heaviest particle in Standard Model

Produced in copious numbers at LHC!

- tt production: ~120M events @10 Hz

TOP QUARK

for\/g — 13 TeV SPARTICLEZ 0
- Allows for precise tests of SM | Also see talks by Thomas ;
| - { Stevenson, Massimiliano Grazzini, }
- Interesting properties (interacts | James Howarth, Ashley Parker, |
strongly with Higgs sector, ...) | Adrian Salas, & Nicolas Chanon! |

This talk highlights a few of the latest ATLAS & CMS top
cross section and 17X measurements
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Overview

1) pair production 2) single-top 3) associated

main production production production

process, sensitive good EWK probe rare tests of SM
May 2021 A CMS Preliminary ’R

& 7 TeV CMS measurement (L< 5.0 fb™)
& 8 TeV CMS measurement (L< 19.6 fb)
¢ 13 TeV CMS measurement (L < 137 fb'")
~~ Theory prediction
74 22 CMS 95%CL limits at 7, 8 and 13 TeV
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsCombined#Figures_CMS_Cross_Section_measur

| Also see talks by Mohammed Faraj, ‘,

It p ro d U Ct' on ', Kathryn Coldham, Federica

1) pair production Colombma & Carmen Dlez Pardos' \f_

May 2021 T CMS Preliminary

3 @ 7 TeV CMS measurement (L< 5.0 fb™) 7
.9.'103 § 8 TeV CMS measurement (L< 19.6 fb™) E
O A — JONET LN AT MRy A o) DO |
| nghhghts. pa:r productlon i
- early Run 3 6,; measurement at 13.6 TeV 1

.« earlyRun 3 6,7 and aﬁld” measurement at 13.6 TeVNEW| I E

inclusive/ditterential ,; at 13 TeV

I

|

Production Cross Section
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tt production

Vs
13 TeV

o~ (NNLO + NNLL)

pb (4.4%)

833.9+204

@13 ToV)

Top-pair production cross-section summary

13.6 TeV | 923.6:321 pb (4.4%)

(LHCPhysics)
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- Dominant production

mode at LHC 10°

- — Allows for precise
probes of SM!

I

Inclusive tt cross section [pb]
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* Preliminary

1 1 | I 1 | 1 1 1 I I I I I I I I | I |

Tevatron combined 1.96 TeV (L < 8.8 b’ ..
ATLAS combined dilepton, I+j(ets* 502TeV (L=257pb")  ATLAS+CMS Preliminary
LHCIOp WG  November 2022 =

CMS combined ey, l+jets 5.02 TeV (L = 27.4-302 pb™)
ATLAS ep7 TeV(L=46fb")
CMSen7TeV(L=51") »
LHC combined* et 7 TeV (L = 5 fb™)
ATLAS ep 8 TeV (L = 20.2fb")
HC ot binod 618 Tav L - 20 ™)

combined* e e =
ATLAS ep* 13 TeV (L = 139jb‘2) LHCIopWG
CMSen13TeV (L=3591b) _
CMS t+e/p 13 TeV (L=359 fb)
ATLAS 'I+H'ets 13TeV (L=1391p")
CMS l+jets 13 TeV (L=137fb I) ¥
CMS all-jets” 13 TeV (L = 2.53 fb ),
ATLAS all-jets 13 TeV (L =36.11b") p
CMS dilepton,l+jets* 13.6 TeV (L=1.21b")

LHCtop WG
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£ NNLO+NNLL (pp)

Z—— NNLO+NNLL (pp)
Czakon, Fiedler, Mitov, PRL 110 (2013) 252004
NNPDF3.0,m__ = 172.5 GeV, a,(M,) = 0.118 + 0.001

I 1 1 | I | | 1

7oop
13 1s[TeV]

| | | | l | l | I | |

o

~ % T e | o
| N - 7 i
L e 'ﬁr‘_il

agvs Méllssa Quinnan (UCSD)

* ° 8 1 12
(s [TeV]
LHCTOPWGSummaryPlots
- May 26,2023 .


https://twiki.cern.ch/twiki/bin/view/LHCPhysics/LHCTopWGSummaryPlots
https://twiki.cern.ch/twiki/bin/view/LHCPhysics/TtbarNNLO

' | " : CMS-TOP-22-012 | >
inclusive tf production ATLAS-CONF-2023.006 £

ATEAS
CMS-TOP-22-012

- Summer 2022 inclusive o,

_[

E | I I I 1 | | I |
. ke 4 |_ATLAS+CMS Preliminary _
1or2 Ieps (e/lu) tjets g 10 - LHCIOPWG  November 2022 5
- First early Run 3 results @ 13.6 TeV! ' N i
o(pp — tt) = 882 + 23 (stat+syst) £ 20 (lumi) pb é 103
O =
S F
ATLAS-CONF-2023-006 2 ol
% -
- 2022 inclusive o,; & fiducial o, 3 10° | /1=
O = ook LI, Y1 1z
b= - 800 v g
- OSeu + b-jets C | ' i
- 700f _ _J
- First early Run 3 results @ 13.6 TeV! 1011 252004 fs[rev]
= 340,001 E
o(pp — tt) = 859 + 4 (stat) £ 22 (syst) = 19 (lumi) pb - T B
o(pp — Z'“) =751 £ 0.3 (stat) + 15(syst) £ 17 (lumi) pb 5 = 12 14
R, = 1.144 = 0.006 (stat) % 0.022 (syst) £ 0.003 (lumi) my rough addition  (g[TeV]
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http://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-22-012/index.html
http://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-22-012/index.html
https://cds.cern.ch/record/2854834
https://cds.cern.ch/record/2854834

inclusive & differential ¢1

- Inclusive & single/double differential o,; (eu tinal state)

TOPQ-2018-26 &%)
ATLAS

EXPERIMENT

- Inclusive: Most precise inclusive ,; @ 13 TeV! — impressive systematics (0.8% lumil)

- Differential: Kinematic dists. of 8 variables - good agreement with predictions
except tails, improved MC needed (NNLO/EW corrections, threshold effects)

o(pp — tt) = 829 £ 1 (stat) = 13 (syst) = 8 (lumi) = 2 (beam) pb
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2018-26/

CMS PAS TOP-22-007 [

£ ATLAS-CONF-2023-027-22 (&
[t measurements £
search for violation of Lorentz boosted 7 differential jet substructure
invariance in 11 (CMS PAS TOP-22-007) measurement (ATLAS-CONF-2023-027)
- dilepton (eu) final state (2016+17) - lep+jets & all-had final states (Run Il)
diff o,z as function of sidereal time in - single/double diff o,z for 8 vars
EFT framework related to charged jet compontents
CMS Preliminary 77417 (13 TeV) LS S '_'PV'VG;PYB' . .
:mlmIHIlmlmIILHS|I\I/I]pl)IrIe]dIié:ItiI()Ir|1L°,HIm: = Zgr 13TeV, 140 fp -~ PWa+H7 B stat.unc. E
108:— dlff O-nT VS. i Data _: -g 7%_ I;f:il:l p;gjzrii\; _PWG+PY8+FSR Up s _E
__1.06-sidereal time - e = =
e o - 5= -
5 e | | : 4t diff 6 vs. jet pr
= 1.021 ' 3 : E
< : il : } | [ Z_ (lep+jets) =
g 1;‘ | 1 () ® t ! t ¢l | . E =
&= 098 | ’ * ! I . ] = e
T 0.96] = = =
0.94] = :
oggiul . %§
0 2 4 6 8 10 12 14 16 18 20 22 24 &

| Sldereal t|me (h)

talkby Nlcolas Chanon'
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-22-007/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-027/

single top production

1) pair production 2) single-_top 3) assoc:iated
| production production
May 2021 T * CMS Preliminary

@ 7 TeV CMS measurement (L<5.0 fb™)
B TeV CMS measurement (L< 19.6 fo)
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single top production

q q'
>< }
.~ IFS . 4FS 3

13 TéV)

_ Q'
¢ (pb) Vs =13 TeV a ~ ATLAS+CMS Preliminary i tehannel 7
. LHCtOpWG ATLAS FRO80(2014)112006. FRIC77({20171531. JHEP 04(2017}088
o | CMS JHEP12(2012)035, JHEP 06(2014}080. PLBBCD (2019) 135042 _
-channel (NNL +4.1 O Single top-quark production LHC comb. seroszorsoe
t-channe ( O) 214 2—2 6 0 November 2022
(b ATLAS ria715(2012)142, JHEF 01(2016]054, JHEF 01(2018) D53
+2.9 n 1 21 CMS paL 1020131022003, PRI 112 (2014) 231802, arkiv-2208.00824 —
tW (NNLO) 79'3_2 8 g O : t-channel LHC comb. .rerosenismes :
() K #L s-channel ]
10 32+O 40 % B I WM ATLAS r1B755(2016)228, arXiv-2208 08990 7]
S'Channel (NLO) _O 36 =S B ® CMS sHeros (015027 =
E — + LHC comb. .reposienignsa —

(LHCPhysics)

[ - - - NNLO PLB 736(2014)58 ,
W scale uncertainty o}
I 11 - - -
- t-channel - "golden channel - ]H ii - NLO+NNLL prossqoroorsos, 5 -

. PRD82(2010)054018, PRD 81(2010) 054028
sensitive to FCNC

; tW: tf contribution removed
T scale @ PDF @ «, uncertainty

10

—— NLO NPPS205(2010) 10, CPC191(2015) 74
Mo= U= Mgy
CT10nlo, MSTW2008nlo, NNPDF2.3nlo

- tW observed at LHC, good
. 1 tW: p veto for tf removal = 60GeV and p_=65 GeV
prObe Of BSM Couphngs B R I scals uncertainty

scale @ PDF @ o, uncertainty

s-channel

+ s-channel very challenging! | LHCTOPWGSummaryPIots (s TeV)

VAL S NN ) el «-a_:i L TR o 'L e !‘
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https://twiki.cern.ch/twiki/bin/view/LHCPhysics/LHCTopWGSummaryPlots
https://twiki.cern.ch/twiki/bin/view/LHCPhysics/SingleTopRefXsec

arXiv:2209.08990 <)
TLAS

s-channel production ‘

.g 25000_ ATLAS ! ! ! ! -] 4‘3 - [ | [ | -

& _ ) ¢ data - & 600— e Data - background ATLAS .

@D - {s=13TeV, 139 fb s-channel 13 C ms (s = 1]

S ; , - N ignal s=13TeV,139fb"

. signal region, 1+2] B t-channel . 500F- 77 Post-fit bk aint signal region, 1+2j i

. - -Fi — — 7~ Post-fi . uncertain : -

. 1-le 0 final 20000: Post-Fit =3N : ; % g Y Post-Fit .

B I W+jets ] 400 -

State 15000 S+B 1 Z+jets, Diboson  — n %%

I Multijet ] 300: 74

. 22 Uncertainty R — ,

- CRs for major 10000 J : Z

i 200(— | ¢ =

_ : ] N, -

tt & W+ jets : /g :

- 100 =

i %/ ]

bkgs z// :

0 : _1]

8 0 / N

. < 1.02 , i

- o 4 -]

- Data drlven = 1 WWW/W -100: E

QCD b kg . = ggg - . , . = l 1 1 L]
2.0x107* 0.012 0.034 0.062 0.13 1. 2.0x107* 0.012 0.034 0.062 0.13 1.0

P(S|X) P(SIX)

- Matrix-element method to derive signal probablility per event P(S|X)
- First evidence of s-channel production @ 13 TeV!
- obs (exp) significance : 3.3 (3.9) s.d.

o 8.2 % 0.6 (stat)*37 (syst) pb

s—channel —

p W . o, = I
. - e > o o
o J e i Y S| .
P . € r... > Gl » 5 oL It
L
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https://arxiv.org/abs/2209.08990

ATLAS-COM-CONF-2023-026 (<)

. ATLAS
t_Channe‘ prOdUCtIOn llllllllllllllllllllllllllllllllllllll
ATLAS Preliminary {s=13 TeV, 140 b
. ) . . SHEP 02 (2050 dag o V101 Mo ooe o Emen
- Production of single tops/antitops via t-channel :
easurement result
exchange of virtual W ABMP 16 5 v ) -
ATLAS epWZ16
. ATLAS epWZtop18
e —|ep flﬂal State @1 3 TeV ATLAS epWZVjet20
ATLASpdf21
. . . . . CT18 L E—
- NN-based sig vs. bkg discrimination e =
NNPDF 3.0
- Include EFT interpretations, CKM result i -
G d ith SM dict; PDF4LHC21
. 00d agreement wit redictions .
7 P | | | Rt|= 6(|tQ)/6|(tq)
a(tq +7q) =221 + 13 pb ; e L.ss
+0.036 824())‘....,....,....,_._. ................................ g SR B s i ekl B B O R R t
= o(tq)/o(tq) = 1.636 20,034 S i g W { S oo} ATLAS  proiminary i = _
© 200F SR plus W5 Wi 1 $ 180F SRminus W55 W W+c@
M 180} Post-Fit vV, Z+jets Wmje+ | @ ..} PostFit vV, Z+jets  lmj -
160
160k L Imj fe+ Emu+ []mj fe- Wmju-
Also new 5 //7,Uncertainty _ 140F /// Uncertainty
SR-

SR+

TeV result!!
ATLAS-COM-CONF-2023-033 °

80

. See talk by
Mohammed Faraj! |

¢

0 01 02 03 04 05 06 07 08 09 1

:.‘ B . ". R il P T e S ' AP i 5 ; i =" E
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-026/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-033/

tWZ production

- Very rare (o,y,~136 tb)

- New physics potential via modified interactions, good probe of EFT
- First ever tWZ search (multi lep final state)
- Use binary and multiclass NNs for sig. vs. bkg. (tWZ, ttZ, other)

- Reached evidence of tWZ production 6y = 0.37 £ 0.05 (stat) % 0.10 (syst) pb

- obs (exp) significance : 3.5(1.4) s.d.

x10° 138 fb' (13 TeV) x10° 138 fb' (13 TeV)
L 025 cms B WZNLO [ tiz N tzq “CMS B tWZNLO [ tiz S tZq
o ~Preliminary V74 I Nonprompt [l WZ+b 0'3:_Preliminary 2z I Nonprompt [l WZ+b
; D Wz VV(V) L X D WZ4 VV(V) X
c 0.2 B Xy ¢ Data //////) Unc. B Xy ¢ Data ////7/) Une.
2
Ll

TSLELBLE

o
—
a0

binary 3I,2j,=1b
NN 1

Events / bin width
o
o
TTTT I TT

o
—

__________________________________________________ 0
214 2 1
% ' 1Z//Aw/////i'///////(/////// /////f*f#/—/—/—/{ﬁ/fﬁ#ﬁf/// ///////*M///x#/// B ' 12/////////4//////////////*// LLLLL ' § 4twww+m/mm/‘mw;
= '0 0.1 02 03 04 05 06 0.7 0.8 09 1 = '0 01 02 0.3 0.4 05 06 0.7 0.8 09 1

tWZ output score tWZ output score

i o 1apa . E
! ll 58 58 ) g 5 b
B 20 18 54 B
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-22-008/index.html

- Also see talks by Johnny

associated production

Raine & Stergios Kazakos! |

3) associated

1) pair production _
productlon

May

Highlights: associated production r

| IIII[I |

tttt production:

, G [pb]
2,

—_
o
N

- multi-channel (including all-hadronic)

| LILIIL

—
o

L L 1iilil

|

—h
<

1 1 LTI

1y observation

Production Cross Section

-l
o
o

.+ top + additional leptons EFT searchn

L1 1idlil

10°°

L1
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| Also see talks by Hesham EI "
! Faham & Laura Valero! |}

tttt production

dominant bgds:
dominant bgds: QCD & tf + jets Qach
tt + jets (heavy flavor)

5000000 » t
0 leptons + < t

1 lepton E
. t
mms} i

EWK

dominant bgds:

1t V, fake leptons
> 3 leptons

2 SS leptons | _H <t
t

*excluding taus A

2 OS lepton

+ o5 =13.4% 12 fb (NLO (QCD + EW) + NLL @13TeV) [1]
. 0-:=12fb (NLO (QCD + EW) @13TeV)[2]

- Sensitive to Yukawa & EFT couplings

[1] arXiv:2212.03259
[2] arXiv:1711.02116

| fr
26,2023 15


https://arxiv.org/abs/2212.03259
https://arxiv.org/abs/1711.02116

CMS-TOP-21-005 ¥

tftf eVI d ence — 138 b’ (13 TeV) - 138 fo-! ‘(\1~\3|T\§V) 2

E E ! | R ! : | P | j E B LR FEPR L | o | ! |
g 400: CMS E CD)?JtI:a)+tf i 3400: CMS . (D)?)t;+ﬁ :
% | All-hadronic B other backgrounds | % [ All-hadronic B other backgrounds ]
i 3()0—N 1 Ner> 1 mm tf+Handtt+V - @ [ Nero?2 B tt+Handtt+V
® - RT=1,INBT £ oy E '_ RT = Bt _'
- 1lep, OS 2-lep, all-hadronic [ Hr 21400 GeV . e e
combination S //,{//4/ o A
| | // 77
. . . . 100 B //i,/// < i 77 ///f////iy/ i I //,f/////é’// /}//1
- First inclusion of all-hadronic - i | 100} 3 :
= d i ,//i// |
I [ 8. o 0 ke s
channel! g 1sof R %1'50}':' ——
B _
- difficult due to large QCD 3 2100 f’”%’i ] 310y $[?, g
7

1.00 2? /
b kgs 0.730 02 % e o8 1o "o bz 02 o6 08 10
BDT discriminant BDT discriminant
‘ ‘ CMS 138" (13 TeV)

- normalizing flow NN used to Expected Exp.sig. Obs. sig
. - . Bl Observed (s.d.) (s.d.)
predict QCD & tf + jets from
data |n CRS Single-lepton (o 14
- obs (exp) significance : 4.0 (3.2) s.d. 08 15
—> ﬁ rSt eVIdeﬂCe Of tftf AII-hadronicv 04 25
cricor S
o(pp — titt) = 17 £ 4 (stat) = 3 (syst) fb N o
|
5 6

titt signal significance
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http://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-21-005/index.html

tttt observation - CMS

- New 2+ lep SS result with legacy reprocessing of Run 2

- Key improvements:

- BDT lep Id. = looser event sel.

- Improved b-jet tags

- Separate multi-class BDTs per SS 2lep, 3lep & 4lep

channels (tttt, ttV or tt like)

- obs (exp) significance :

5.5(4.9) s.d.

o(pp — tttt) = 17.9 131 (stat) 15

(syst) fb

Events / 0.5 units

Mehssa Qu‘irman (UCSD) |

Data / Pred.

CMS-PAS-TOP-22-013 [&s |

138 b7 (13 TeV) _

Events /0.3 units

- CMS
12 Preliminary I it

, .
+ Data

/2 } !

Background
Total unc.

1 1
. I 1
g 1.5 +
o 1 + ” sesme e
= ' T
sg 05 | |
~ 05 0 05
Iog (S/B)
138 fb™ (13 TeV) 138 fb™' (13 TeV)
120_" T I _g FTT T T T I
" CMS ¢ Data [ttt f 80 CMS ¢ Data [fidt
i . Othert [l Xy 1 o i . Othert Xy
100[ Preliminary V() [ Nonprompt 1 % . Preliminary EW() [Nonprompt 1
SR-3¢ I ttH iz & &5l SRar I tH tiz ]
80 [ B tw Total unc. I | i Total unc.
ﬁ - E 1t BDT
60f tttt BDT - e
P 1 3lep SR
| 3lep SR - +
20 . N _' .........................................................................................
0 S
1 T 1 1 ; y T 1 L B
15 4 g 1.5 $
|t + ¢ T '
0'5I II IIIIIIIIIIIIIIIII EO.SII IIIII IIIIIIIIIIIIlIIII
0.5 1 15 2 25 38 04 05 06 07 08 09 1
BDT score fttt BDT score tt
D o b Ly
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https://cds.cern.ch/record/2853304

arXiv:2303.15061 @

-, = . ATLAS
1ttt observation - ATLAS
m :||II|IIII||||I||IIIIIIIIIIIIIIIIIIIIII|||l||:
- New 2+ lep SS result with legacy S f Amas ¢ Data Wit -
: f — 10 (s=13TeV, 140 fb" []tiW [tz =
reprocessing of Run 2 2 [ sn i CJQmisiD 3
. ) - Post-Fit BMat. Conv. [[JHFe 7
- Key improvements: o 10°F Wlowm,. WHF . =
- [ Others [t .
- looser event selection o /“Uncertainty ~ ---Pre-Fit |
- Improved b-jet tags, improved systs.
- data-driven ttW + jets, improved ttt
- GNN-based sig vs. bkg discrimination
- Also extract limits on tft, top-H .
Yukawa coupling, EFT interpretations ® o + ,,,,,, —5
o - 1.4;—’ i * k| + ++fm-
- observed (expected) significance : s 07f R ¥ L
O oAb
6.1(4.3)s.d. O 01 02 03 04 05 06 07 08 09 1

GNN score
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tttt production - summary

my roughit.
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CMS-PAS-TOP-22-009 /&M

ttbb production (inclusive) b

- Rare SM process, irreducible ttH & tttt backgrounds t

lep+jets final state (e or u, 5+ jets)

- Inclusive and differential (4 fiducial regions)

t
- Most precise inclusive ttbb CMS Preliminary 138 fb~! (13 TeV)
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ttbb production (differential)

MC/Data

Mehssa Qumnan (UCSD)

lep+jets final state (e or u, 5+ jets)
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Varying compatibility with theoretical predictions
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ATLAS-CONF-2023-019 @

ttW production (inclusive)

ATLAS

EXPERIMENT

ATLAS Preliminary —*— ATLAS- this result ATLAS Preliminary == ATLAS- this result
9 Z | Stat. + Syst. Stat. only Stat. + Syst. Stat. only
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= ExFx . e Ex Fx |
7 W % W ol (a— Sherpa j_a g i
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. . 60f
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(consistent with previous measurements)

Data / Pred.
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ATLAS-CONE-2023-019 &%)
ATLAS

EXPERIMENT

ttW production (ditferential)

SS and multi-lep final states

Normalized differential os: measured for 7 observables

: : : > 0.1 -
 First differential measurement! o lep charge combined
(@) i ° ° |
. . A 0.08F g
- Generally consistent with SM = i e ““:E—‘_’E“g :
= s e
4 5 0.06} =5= : o = 1= .
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- Final state:1 lep, 1 v, +jets

arXiv:2302.01283 @

ATLAS

EXPERIMENT
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evidence (CMS 35.9 tb- w (fb) (fb)
@ 13TeV) Parton level | 688 +23 (stat) *7% (syst)| 515739
- First observation!
Particle level | 303 £ 9 (stat) *33 (syst) 217*1

s.d.

- obs (exp) significance : 9.3 (6.8)
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top+leptons EFT search

Potential new physics parametrized vs. 26 6-dim EFT operators

Fit to kinematic vars. (leading leps/jets transv. pr, on-shell Z pr)

No significant deviation from SM predictions

Run Il data categorized by lep/jet/b-jet multiplicities, total lep charge

CMS Preliminary _postiit __ postfit combined jet mult. dists. for all SR cats

CMS-TOP-22-006 |

cMs, |

138 fb™' (13 TeV)

N e
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-22-006/index.html

- s (5
CO N C‘ usIion ATLAS, CMS, and LHC top results 1

) EXPERIMENT

- Highlighted latest ATLAS & CMS top cross section and 17X measurements
that showcase tops as key tool for probing limits of SM

- Several new measurements and observations beyond expectations
because of improved analysis strategies and techniques

- First Run 3 results!

- First evidence of tWZ!

- First t/tf observation!

. New 17bb, tt W, top EFT, & single top t-channel measurements!

- Generally good agreement with SM with some excesses (tftt, ttW, tWZ...)
- NNLO calculations & improved MC needed

- Look forward to further exploration in Run 3/HL-LHC!
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TOPQ-2018-26 &%)
ATLAS

inclusive & differential 1t

. pf;,, the single-lepton transverse momentum’! (£ = e or u;

In?|, the single-lepton pseudorapidity;
 m®H, the ey system invariant mass;
. pT , the ey system transverse momentum;

e |y®H|, the eu system rapidity;

E¢ + E¥, the sum of lepton energies;

° pr+ pﬁf, the scalar sum of lepton transverse momenta;

|A¢®H|, the azimuthal angular separation of the leptons.

Melissa Quinnan (UCSD)  LHCP 2023 - May 26,2023 28


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2018-26/

s-channel production
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arXiv:2209.08990 ()

P(SIX)

ATLAS

EXPERIMENT

e the right-hand plot is data minus all background
o different error bars in the left and the right plot come from the background
subtraction and correlations of uncertainties
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CMS-TOP-22-008 ‘&5

tWZ production

Templates used in the maximum likelihood fit

tWZ NLO phase space Control regions
l l l |
Low-energy region Boosted regic_m ZZ CR WZ+jets CR
:13 leptons 5
l l
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CMS-TOP-22-006 “25¢|

top+leptons EFT search

Table 1: List of WCs included in this analysis. The definitions of the WCs and the definitions
of the corresponding operators can be found in Table 1 of Ref. [18]. Note that in order to allow
MADGRAPH5_aMC@NLO to properly handle the emission of gluons from the vertices involving
the ¢, WC, an extra factor of the strong coupling is applied to the c,5 coefficients.

Operator category WCs
Two heavy quarks Ctor CpQr %Q' Cots Cotbr CtW s CtZ, CbW/ CtG
Two heavy quarks two leptons 3(’2(5), céy), cggg, ‘55)' cg), ‘f( ), ctT(g)

- 3188 a1 18 .1 o8
Two light quarks two heavy quarks  ¢¢)., €q/ €Qqs €Qqr Ctqr Ctq

Four heavy quarks LQQ, LQV CQtr Cit

|:|Charge misid. DMisid. leptons .Diboson |:|Triboson |:|Conv. .tWZ .tTH

- . - - [ —— V
I i B [tia  [tHg [T % Total unc. - Obs.
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o
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- |
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8 50 35 2b(+) | 2¢ 38 2b(=) | 2f ss 3b(+) | 27 88 3b(-) Idﬂ off-Z 1b( )Iai off-Z 1b(-) |J{ off-Z 2b(+) | 3¢ off-Z 2b( )|3?_’D°2'}3]Z 4f | 37 on-Z 1b :;’D‘l’};
i T30 w W) . 2 E‘
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CMS-TOP-22-006 ¥

top+leptons EFT search
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Figure 1: Summary of the event selection categorization. The details for the selection require-
ments are described in Sections 5.1, 5.2, and 5.3. 1
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Additional
Analyses
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CMS-PAS-TOP-21-013 | M5/

FCNC in ty

- Search for FCNC top
Interactions in assoc.

Combined Obs. limit | Exp. limit
Ktury 6.2x107° | 6.9 x 107>

Ktcoy 77X 10| 7810
B(t—u+v9) |09 x107 | 1.20 x 10
Bt sc+v9) | 151x10™ | 1.54 x 107>

with y + jets

- Final states with 1 lep

1y, +jets

- BDTs to separate sig
vs. bkg

y+e, jet[1 bjet] 1381b™ (13 TeV) Y+t >1jet[1 Djet] 138107 (13 TeV)
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arXiv:2301.11605 &)
z  ATLAS

IMENT

FCNC intZ

ulc
b
. . . t
- Search for FCNC top interactions in
assoc. with Z W
- Final states with 1 or 2 tops, 3 leps,
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single top tW productlon

Mehssa Qwhhan (UCSD)

-lepton final state
(e or )

inclusive and
differential

max likelihood fit to

BDTs & subleading
jetpTin1 &2 jet/
b-jet regions.
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Study differential distributions of 6 kinematic variables

Consistent with SM predictions
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