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. @J Sormgen o Rare top processes status
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All results at: http://cern.ch/go/pNj7

O Very rich experimental field in Run 2 due to large statistics
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Rare top processes status
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All results at: http://cern.ch/go/pNj7 aums " TO d 0

O Details in talks by P.Sabatini (ATLAS) and N.Chanon (CMS) tH, 11t

in Top physics session on Friday 29/05
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https://indico.cern.ch/event/856696/timetable/?view=standard#b-372171-top-physics

O Direct measurement of top quark coupling to gauge bosons

O It is sensitive to most of the leading EFT operators that preserve charge-parity
and flavour in neutral currents
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O ¢fW and tfZ are often dominant and irreducible backgrounds for many BSM
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Heaviest particle final state
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Measurements and searches
with photons
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tty production

ATLAS-CONF-2019-042

1 S 80T A7ias Prefminary CeData
O 139 fb-1, epn channel I Siersupind .
O Highlight: comparison with fixed order NLO T T
calculation including off-shell effects [JHEP 1810 (2018) 158] = "™ A _
5001~ []Prompt v bkg. A
O Selection:1e,1p, 1 photon, Njets =2, Np =1 b A
O Fiducial region defined to match theory calculation
£ ppooT T T T T RRRRNRRRRN RARRN A T 200
Backgrounds P e
2000 " =\(/3Vtt:er&7 ]
Prompt y L Pre-Fit W h-fake 5 OF
Wt pie) 157 Srowe | 2 1251;% M/W/ M)/ //////
. e_fake 77 Uncertainty E §0875 ( { %%/
Other tty ‘ 10%0 B 07500300 400 500 600 700 800 900 10001100 1200
Njets ] Sy [GeV]
h-fake 500 =
. O : . .
%1125 O Cross section extraction
. /// ----- . .
goo7o /// O Profile LH fit to St
?5 2 25 3 35 4 45 5 55 6 nj:‘s.s (Scalar sum Of a”
particle transverse
O Very pure channel -S/B ~ 4, 2.5K euy events momenta in event)

c=44.0 + O.9(stat)f§'2(syst) tb 6% relative uncertainty
O Dominant systematics: MC modelling of tty (3.4% ) ATLAS
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https://cds.cern.ch/record/2709416
https://cds.cern.ch/record/2709416
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e 0 87 eu A Theory NLO
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=10 1lk-e | © - o —_
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IS . . 2
5 1 S o Predictions X~ /ndf p-value
&305|\\\\ 3
— 0.5 ““““““““““““““““““““““““““““““““““ ’
O T I e S MadGraph+PYTHIAS 35.2/14 <0.01
B 03 A= 2 1.%- e ] MadGraph+HERWIGT 36.8/14 <0.01
S ool >
2 1 1 5 5 I T T T T T T . -
2 50 00 150 200 ,f(()y) [Ge\\'-s/(])o 8 0T %(5 -5 Theory NLO 12.0/14 0.61
AR(y.l)

O Shapes are well described by both LO MadGraph 2->7 tfy nominal simulation and
NLO prediction

O The shape of the Ad(L,4) is not perfectly modelled by the LO MadGraph simulation,
NLO theory prediction gives better description
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forward jet CMS Phys. Rev. Lett. 121 (2018) 221802

— 359" (13 TeV)
1200

@ Stat. @ syst. |:| Zyjets
[ signal (trj) ] vvy

I t/(s- and tw-) [} Misidentified photon

Events

t-channel

1000

800

- ~WELE
expected 4005_ E
(" ) 220 £ 63 ty events 2003— —
O Selection: observed . -
S 15F
O 1u,1photon, S 1B R
O Np=1, 1 forward jet % R R s s S
O Backgrounds: oD oufput
O irreducible O BDT trained to separate signal
- tty : 9 times larger than O tty shape determined from CR with Np=2,
expected signal included in the fit
- ) Z\;’I WYb'ItW'CE the signal O tty norm - free parameter the fit
reducible . .
D . (0) 0
_ hadron (jet)—> photon fakes Main systematics: JES (12%), ty model (9%)
. - determined from DD method | Fiducial cross section (pr¥> 25 GeV, AR(X,y)>0.5)

o(pp — tyj) X Br(t = uvb) = 115 £ 17(stat) £ 30(syst) tb
Observed (expected) significance: 4.4 (3.0) o
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http://dx.doi.org/10.1103/PhysRevLett.121.221802
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Search for FCNC: tqy

Phys. Lett. B 800 (2019) 135082
ATLAS vs. Le (2019)

EXPERIMENT
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. ATLAS ¢ Data %Uncertainty ]
— -1

= F‘?HT‘*V’ 81107 _signal (x10) [ W+r+jets =

£y, =

T SR .e—>y fake DZ+y+jets

10 Post-Fit [ Ji~vfake [l Other prompt i

(&

10

Events / bii:

kForbidden in SM at tree level, suppressed at NLO)

10°

10?

[ ) .
0O Selection: O 4 NNs trained for

tuy, tcy, LH, RHin 8wt o a3t ..
O leorp,1photon, Np=1 production mode & W///%%//////
D BaCkgrOundS: 0O 01 02 03 04 05 06 07 0.8NNO(.)itpu:
O reducible Set limits on effective coupling parameters

- e —> photon fakes from ¢f
- hadron fakes

Observable Vertex Coupling Obs. Exp.

. B(t 107 ¢ LH 2.8  4.07°

- determined from MC and data = ay)l _5] Y Y

. _ Bt — qy)[10°]  tuy RH 61 597
O irreducible Bt —qy)[10°] tey  LH 22 27
- Wy, 2y B(t—qy)[10°] rcy  RH 18 280

- determined from MC and

control regions | p . .
_ free parameters in the fit Almost an order of magnitude improvement

- J of limits over previous measurement
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https://www.sciencedirect.com/science/article/pii/S0370269319308044
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. @J el  |\Vcasurements of ttV production

O Latest measurements use Phys. Rev. D 99 (2019) 072009
O 1tW 36 fb-! JHEP 03 (2020) 056
Q tfZ 78 (36) fb-l CMS (ATLAS) JHEP 08 (2018) 011

O A lot of data still to analyse

q’ t 4 t
\'m<
f Z

A

q/WVV\/LW g t

o =0.60 pb 0 =0.84 pb
~90K tfW events 140 fb-1 ~ 120K tfZ events

Measurements in channels with low branching ratios

O Same-sign dilepton SS (4.8%) O 3-lepton (2.8%)
O 3-lepton (1.6%) O 4-lepton (0.5%)

. J
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https://link.aps.org/doi/10.1103/PhysRevD.99.072009
http://arxiv.org/abs/1907.11270
http://dx.doi.org/10.1007/JHEP08(2018)011
http://dx.doi.org/10.1007/JHEP03(2020)056
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HC- .
. G S ttZ measurement
r _ 2 . _ JHEP 03 (2020) 056
O Selection 5 O Signal extraction:
O 3 or 4 leptons o O Simultaneous PL fit in multiple signal/
O Z boson candidate control regions
[ 5fb’ e
O Niets =2, Np 20 21 C“fls '+ bala I?izl x| mwl 7|75:|X(;3T|é)
0O Backgrounds %104 Bzz Rare Nonprompt | ]Uncertainty | _;
° 3 leptons 14 leptons 3
» t(t)+X éms: No=0 N, =1 N, > 1 N=2
} Di Doson+b_jets 2102 ;_ 272 i ; . _;
» non-prompt leptons: DD = = =_ - .?
fake factor method e -
O Diboson model validated R I I RS I S R N e s 2 !
in CRs included in the fit B L B i 2 RS S S— +t*{_
\ < %0-5 2 3 3|2 3 4 4,2 8 4 54,0 >0
CMSI | | 775fb" (1|3TeV) kQ Nj y Nj | Nj | N,
‘% 10001~ ¢ Data Nonprompt ttZ 7
2 tHX EAWZ Xy .
5 . IZZ Rare 77 Uncertainty —_
3 '] Fakes and (a(ttZ ) = 0.95 = 0.05(stat) £ 0.06(syst) pb)
i t(t)X
ol Nb enriched 8% precision
- ... ] contro Main systematic uncertainties
E— region . L
§ 151*»fffff+ffffIr } Iepton Identlﬁcatlon (4%)
g oo i : - » WZ (3%) and t(t)X (3%)
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ttZ: going differential

O Postfit distributions in ttZ enriched region

p CcMSs 775" (13 TeV)
cMms 77.5f" (13 TeV) m - . . . .
g [ oo x| B[ 0w 0 O Further splitting in bins of
9 i ® ~ WWZ Xy mZzz
g 400_-\I;Vazre -)IGanrompt ,6ﬁcertainty_ "g %00T" i Rare ’Nonprompt 7IUncertainty | COS ( ez*) and pT(Z) for BSM
§ ;; %;%%; Z § 100 :ﬁ??%ﬁ%ﬁ?”‘%ﬁ%éﬁ%ﬁ% N N I nt e rp r et atl O n S
... Niet i b
200 G Jets i - 0O SM E FT
200 2z -
S ‘ 3 limits on axial-vector and
I \ — g T vector current coupling
g | - : s S n:_ 1:+* ”””” ] ]
st § z . O electroweak dipole moment
8 NJ. b
. . . CMS 775" (13 TeV)
O Differential measurements to validate and SMEFT 95 CL 4 M
. - —68% CL ¢ best fit g
improve ttZ MC models T
CMS 77.5 o' (13 TeV) CMS 77.5 b1 (13 TeV) g
= L I L L L L § F L L — C
S sr *+ Data 4 52 s0of - — 1T
2 | aMC@NLO | { 1 { _ < |
— | ] o] i ] i
T 4 ~ ““NLO+NNLL ] 8 b { ) =y
o 15 | | o
S | | © ' : 8
le) L Lo _ L L
S %J*A 100 ¢ Data : . 6
; L _ aMC@NLO | -1 4
@ O+ m1g_::::}::::}::::}::::_
= 1.3F 1 £ 43F E
a n ’ L roodeeed A B3 Y 3 i i 2
~ FPERadagiedexd 1 1~ o + + 1 ol 0
-8 0'7'_. R R S 8 0-7F L | . -2 ~1 0 1 2
S 0 100 200 300 400 500 & @ -1 0.5 0 0.5 J 2 2-
o or(2) [GeV] cos 65 C, /A [1/TeV”
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forward jet

Z(¢0)

t-channel

O Selection

» 3 leptons

» opposite sigh same flavour
pair within Z mass window

» 2to 4 jets withl or 2 b-tags

A
> CR ttZ (A) gs (ttczw(é))
1b SR SR SR (CMS)
ob | CRWZ CR WZ
2) 3) 4)
26/05/2020

arXiv:2002.07546

tZq measurement

Phys. Rev. Lett. 122 (2019) 132003

(O Backgrounds

O non-prompt leptons
- CMS: Data driven, fake factor
method

- ATLAS: MC-based shape, free
floating normalisation from 2
dedicated CRs

O WZ+b-jets
Ot/
- dominant background in 4j1b and
4j2b CMS SR regions

O Signal extraction

O simultaneous fit to distributions in
signal and control regions
- MVA discriminant in SR

- Event counting or kinematic
distributions in control regions

~\
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http://dx.doi.org/10.1103/PhysRevLett.122.132003
https://arxiv.org/abs/2002.07546
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N T I 1T I 1T 1T T TT 1T I 1T I 1T I 1T I 1T cf) CMS 77 4 fb (1 3 Tev) CMS 77 4 fb (13 Tev) C S
. : : T T T T | T T T T T T T T ] —— T T T I T T T T I T T
2 - ATLAS o Data _ A é Data - th %) | & Data - th > \\
f’E’ 1401~ /s =13 TeV, 139 ib" tZq ] o T . JWZ 4 ] Q) [ ]Nonprompte/u [ ttZ Y
o - © — g"‘f‘V\t’ . ; . [ Nonprompte/yu [ ZZ i o T Wz EmZZ
W ool eE 2 X/ tX Xy Y 60 CJtiX/ix e -
- SR 2j1b VV+HE . o 100 [ Multiboson B9 Total unc. | ® L[] Multiboson g9 Totalunc. | L
- Post-Fit mm tZHWZ |.|>J - - c 2-3 jets, 1 b-tagged (BDT > 0.5) EXPERIMENT
100F . HWAH 0
- 77 Uncertanty 2-3 jets, 1 b-tagged L
80— — ’ .
% ]
60 V% - 50
40— //%// —
L _(//i////I////é/////¥// /*////)/_

'8 1 2 i zo) 0 V Stat unc. [ Total unc. - ___- 8 1 51 é_ F st s ® ElTOtaI';nc- + | % _é p ( Z)
T 12 ® 1.5F T T S S £ T
S 10 J////&///// R, T, Py, // / R é ¢ 4.8 e i + ~ 0.5F E
8 ook ?x x+ ? + { D\c; 0-8?'1; | | v i B % 50 100 150 _ 200
10 08 206 04 02 00 02 04 06 08 1.0 o -1 0.5 0 05 SR p.(2) (GeV)
O o BDT output L e S e
7 N\ % 605_ \/Ag:??f TeV, 139 fb”! ;%%?‘:\jv E
_ § 5o gny WiE
o(pp — 1£7¢7q) = 111 £ 13(sta)*y'(syst) fb  CMS 77.4fb1[§ © smamon-oe  _HHE
+ - 401 - neatainty
form(Z7¢7) > 30 GeV: = 97 + 13(stat) + T(syst) fb ATLAS 139fb1| | —
\ J /%// itk :
Main systematic uncertainties 15% precision | e ;
10~
» Prompt-lepton background (3-4%) . b
i 0 g
» Jets and Eqmis (2—3@) 38’% o /j// f{////)w//f/
» Leptons reconstruction and ID (2-3%) Soob L

( ) [GeV]

Observation of tZqg production by both collaborations
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Searches for 4-top quark production
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O Final state with high jet and b-jet multiplicity
t

0 leptons

1 lepton
gM_ , I, q
é Tt VT
> t > 3 leptons
g% b 2 OS leptons 2 55 leptons
t
" O Single and two lepton opposite sign |
O 5 _ P , PP . 5 lepton total light/c b iets
larger branching fraction (56%) P jets jets J
O large irreducible background
O ¢7+light jets, tf+heavy flavour jets -
q J OS 3 4 4
O Same-sigh charge lepton and SS
multilepton (SS/ML) ML 6 2

O small branching fraction (12%)

a | back d '
Ower backgrounds O Analysis strategy depends

O 1tW, tiZ, non-prompt leptons, on the final state

charge misidentification
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O Final state with high jet and b-jet multiplicity
t

0 leptons

1 lepton
gM_ , I*, q
é Tt aglfey.T
> t > 3 leptons
b
g% 2 OS leptons 2 S5 leptons
t
O Single and two lepton opposite sign otal  light/c
O larger branching fraction (56%) lepton jets jgets b jets
0O Iarge_irreducible b_ackground 1L 10 6
O rr+light jets, ti+heavy flavour jets
O 8 4 4
" O Same-sign charge lepton and A SS
multilepton (SS/ML) ML 6 2
O small branching fraction (12%)
a Iower_back_grounds $S/ML is the most
O 1tW, ttZ, non-prompt leptons, sensitive channel
X charge misidentification )
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4-top: 1LOS channel

£ 060 AAARRARARRLAS ] CMS
r . N5 e e ATLAS =
D SeleChon §0.5 Total background 7: e
0.4 — tftt (SM) . -1
O 1e/u or2e/py, Np =2 1 I it via C) | 36 fb
: I ERTITE 2 1 JHEP 11 (2019) 082
O CMs: ot - 1 Phys. Rev. D 99 (2019)
- Nijets 27(8) (1L), Njets 24 (2L), Hr>500 GeV : 052009
O ATLAS ik |
g - Njets >5 (1L), Njets >4 (2'-) ) o se0 000 500 2000 25;?3[;;:\200
b-tags , Single Lepton
| 1 | 1
. ab | | 1 | | 1
O Analysis strategy o = |
c 5 S 1 |
O categorise events Njets, Nb 3| & §rvalidationy-signak-111 &
O ATLAS adds categories based on Ngc M ; - H|
1 1 q
O Background estimate Y — o T A
22/ 5 6 7 8 9 >10]
Q CMS: mass-tagged
- MC-based with DD corrections RCLR jets
O ATLAS:

* O extract effective tagging efficiency
( priet,ARIet) from low Njet region
O apply to low source regions to promote
events to higher Np

- data-driven method (ttTRF)
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https://arxiv.org/abs/1906.02805
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.99.052009
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.99.052009
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Signal extraction

O Simultaneous fit to discriminating Limits on p:
variables in multiple signal regions CMS: obs (exp) 5.2(5. 71?‘3

O ATLAS: ATLAS I.I-  Vs5-13TeV,36.1 fo"
O fit Hr distributions in each region Combineg 5 - Expocted £ 20

O CMS: |. Illlll:gfs:::\t/:g(w)
O 2 BDTs to improve sensitivity 02 4 & & 10 12 14

95% CL limit on o/ g™

O BDT 1: distinguish 3 jets from hadronically
decaying top from other 3 jet combinations

O BDT 2: separates signal from the background

significance
CMS 35.8 fb' (13 TeV) 0bs (exp)
x\% 10° §_ etjets ’ _§
BDT 2 "UE) L Nb :2 Nb :3 ’ Nb :4
score & g E
10 . o i ]
I\|jets =10 1

4 N\
CMS combination with SS/ML
channel 36 fb-1:

107!

|

No) 1
E: s o(titt) = 137, fb
al SL
Dtitf
. bat - ST mmEw observed significance 1.4
% gg;ﬁt - tH+W, XY —fitf [ Pre-fit unc. \_ Y.
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4-top: SS/ML channel

CMS
é . ) EPJC 80 (2020) 75 :
O 2¢SS and 3¢ channel signature 13(7 fb-)l
O 4 b-jets from 4 top quarks o
O 4 or 2 iets from W Two analyses: categorisation
O Selecti J and BDT based
elecion N, | Ny | New | Region
O =2 jets, =22 b-jets . <5 CRW
O H>300 GeV, Emiss > 50 GeV 5 6 SR1
. O Z(¢*/7) mass window veto ) >78 ggg
O Backgrounds 5 5 SRA4
O DD methods for non-prompt and 3 6 SR5
charge misID leptons 7 SR6
O 77/+7 : >8 SR7
ttZ/tt W MC based with DD -4 s SRR
corrections — = 5RO
- jet muItijicity: Ig:f\sed on .da.ta?/MC ’ 6 SR10
comparison of 77 jet multiplicity spectrum > SR11
- corrections vary between 1.46 and 0.77 for =3 _4 SR1?2
1 to 4 additional jets > 3 5 SR13
- factor of 1.710.6 is applied to improve >6 SR14
modelling of extra heavy flavour jet based | Inverted resonance veto | CRZ |

on measured ratio of t#bb and tjj ratio
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. @J ggciiﬁglégusrumvmsnm 4-top Sea rch resu It

1
"% 60 SR (pre-fit) * Data -'QE; BDT (pOSt-fIt)
> Wttt > { Data Nonprompt lep. W Charge misid.
+ 50 i L .ttt . T Xy °
Nonprompt lep. 102 Jee . W W Rare e ttvv
40 —p 2 iy
.tV £
30 1 I Rare
Xy 101
20 - B Charge misid.
10 -
0 —— s} 10°
. 2 . 7
a 1- 7////%//////////}7/////////‘//////////)///////// .
S0l | | | 1071
© 2 4 6 8 10 3
- Njets 'O
S SO 4
. _ _ & 1 AR 27 77 //////‘/////4(/////6/////9/////&////4/////‘/////9/////’/////,C/ //‘/////*////////// ///J/
Post-fit 1t W/ttZ scaled by 1.3+0.2 S0 . o I A
N — Al ™ < Lo © N~ e 0] (o)} o ~— Al (49} < o © N~
8 5155558555855k ce|lz ke gk
0 Dominant systematics: O |In BDT analysis ttW is constrained
O modelling of additional b-jets by regions with low BDT score
(11%)
O JES (9%) JER (6%) ( o(titt) = 12.6125 b )

O b-tagging (6%)

2.6 (2.7) o observed (expected) significance
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4-top: SS/ML channel

ATLAS-CONF-2020-013 139 fb! 3 ol ks Py voma | W ATLAS

4 N\ S - Vs=13TeV, 139 fb” Jtw Mtz N . EXPERIMENT
O Basic selection 2 ool postrt . EHRe  ENetcorv. ]
& B BHFu  Elow-masse'e |

O >4 jets, >1 b-jets L
O |me - mz| > 10 GeV for OS SF :
pairs in 3L selection

O Fake background estimate —t—
motivates CR definition

O MC-based template method
with 4 free parameters included S
in the signal extraction fit

T ATLAS Preliminary -¢-Data I ittt
180 {5 =13 Tev, 139 fb" [Jtiw itz

60

I\/Iateria_l
conversion CR

Data / Pred.

Events / 20 GeV

* HF electron, HF muon j6ol- CRIWR Wi CJQmisis
i ) - Post-Fit [HF e B Mat. Conv. T
* material conversions Hop Botes B
. . 120 72 Uncertainty ]
* internal conversions 100~ . :
£ P b ritWCR: -
O ¢t W background normalisation sumof -

is free in the fit
\_ )

Parameter | NF;w NFco NE, - NFgEe NFHE,
Value 1.6+03 16+05 09+04 08+04 1.0+04

Data / Pred.

. MR T S BT
100 150 200 250 300
> p'T [GeV]
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. @J gormeen o ttX background model

O ¢t W validation region:

O =>4 jets, =2 b-jets _ 140 | | | |
O plOt N+ - N— tO SuppreSS a” Charge I+ - ?ET:?IfTe\P/ﬁ”C;?;?;:y ;g?P:er \ViltLtJ\:\\::ertainty
symmetric backgrounds O tw v |
 Post-Fit

100— _
O Systematic uncertainties on tt W: w/ .
O 125% on ttW+7 jets 60% B
0 300% on 1t W+8 jets N 2 <
O 50% on tt W+3b, tt W>4b I ]
° Lt
O Additional 50% uncertainty is g %
applied to 1/ and ttH with 3 and % e e 7 iy s //
>4b jets = " . . T

4 5 6 7 >8
Number of jets

O 100% uncertainty on 3-top cross

section and additional 50% on
ttt+b
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. @J ggﬁf;’;gﬁgusrumvmmm 4-t0 0 sea rch resy It
ATLAS “r ATLASI; Preliminary +|Data I titi |

O Inclusive signal region Gy D mE

- BDT>0 WttH [ ]Q mis-id

Events

O =6 jets, =2 b-jets, H>500 GeV oo E 5—
. . " ——— 80 B 72 Uncertaint N
O BDT is trained to separate  § "Tamas reomnn some  mi : : y
. R (s =13 TeV, 139 fb [Jttw Mtz ] 60
signal from background - 5DT>0 miH  Jamsid :
- Post-Fit [CHF e Bl Mat. Conv. 7
. . S0 BHF u [l Low-mass e 40r
O Signal extraction : movers H 1
40— 4 —
O simultaneous fit to BDT and ¢ E
distributions in 4 CRs a3 .
g :I rrprrrrprrrp T T T T T T T I_I_l rr t I: 10; | 2 ° Numberofb?:ggedjets
> - ATLAS Preliminary -¢-[_)ata -tEtt . -
€ 10 (s =13 TeV, 139 fb™ Cttw Wtz = ofl -
E T mw Qomes 1 F B
sl o .HFe .chlv'-mZZZ'ge-_; s 1/// o« ///—/f?ﬁ“*” W—/@// & — -
10% .Oth:rs Ittt 3 o °'§_, o | N G(tl‘tl‘) — 24+g fb
B 2 Uncertainty ] 12 14 16 18 20 22 -
102 — Sum of b-tag scores
‘0 J +0.7
p=2.0707 (stat)T < (syst) fb
1
4.3 (2.4) o observed (expected) significance
1,-101_"'55""
g h i‘ "y ///#7/ ////2*549///»%7*' 'i??' : .
g ost ¥ ol ’4‘% Evidence for the 4-top quark production

Ve 08 S04 050 02 0% 0.6'08"1

BOT score Consistent with SM predictionat 1.7 o
26/05/2020 E.Shabalina - Rare top: production and decays - LHCP2020




. @J e | cpton coupling universality

ATLAS-CONF-2020-014 139 fb-?

E 5
r ~ E 10 ATLAS Preliminary ~ Data
. . — < {s=13TeV, 139 fb' [ ]JPrompt u (top)
O W decays in dilepton ff events S 10  SgnalRegon Mt u (op
. = eu, 5<p:<10 GeV [ Ju (hadron decay)
are used to measure ratio /@,53 Post-Fit MZ - _
P rom pt H [ Other SM processes
72 Uncertainty

R(t/un) = BR(W->1tv)/BR(W->pv)
O 2.70 deviation from SM at LEP
O Separate direct muons from W

Y
g =

—_
o

—

B 1.05 - -
from W->1 _>|J- S /%4{///)/////7/;%///%////%/”%/%/%
8 0% 005 01 015 02 025 03 035 04 045 05

O difference between pr spectra of
W->u and W>t >u

O t-lepton lifetime (transverse R =0.992 + 0.013 [+0.007 (stat) + 0.011 (syst) ]
impact parameter do)

O Tag (e or u) and probe (W, pr>5

Idgl [mm]

1.3% total uncertainty

GeV) approach ATl ey
O R(t/p) extraction: f5- 1976V, 19915 o St
O fitin 3 pt bins and 8 dg bins of -E—- R
probe muon .
O normalisation k(¢7) of (¢f + tW)
. is free in the fit ) 0.98 L - BRMW st JBRWoy)
Details in talk by C.Young (ATLAS) in on Wednesday 27/05 Twice more precise than LEP !
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Rare top processes status

Top Quark Production Cross Section Measurements Status: May 2020
8 ATLAS Preliminary
e Theory
5 10° Fn- Run 1,2 /s = 7,8,13 TeV =
- LHC pp Vs =7 TeV
BB Data 45-46fb
TN o [ =]
102 . LHC pp Vs =8 TeV
- AN —
- Lo A Data 20.2 — 20.3fb? .
A LHC pp Vs =13 TeV
10! b - BEl D22 32139 _:
N ]
| e _- e
- . p NEW 2
A ]
A jiEEEm
A - .
1071 E =
o] .
| |
g -
| |
102 E _ -
tt t tWwW t ttW  ttZ ttH tty tZj 4t .
t-chan s-chan fid. {+jets aamEn

O Observed: 11V, V=vy, Z, W, H ; tZq

O Evidence: tv. 11t
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. @J il Summary and conclusions

O Measurements of t£X/tX (X=V,H,y,tt) processes are a large
part of the current CMS and ATLAS programs

O sensitive to top quark couplings

O [Improved limits on the FCNC rare processes

O Measurements of 17V and tfy differential distributions using
full run 2 dataset

O improve our understanding of their modelling
O allow to explore parameters of EFT and other BSM models

O Observation of tZg production by both collaborations

O Evidence for the 4-top quark production has been achieved
with 4.30 significance

O The new measurement of lepton universality is in agreement
with the SM and is the most precise measurement of R(t/u) to
date

More results with full Run 2 data are yet to come
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Number of events

Data / Pred.

GEORG-AUGUST-UNIVERSITAT

&

GOTTINGEN
CMS 77.5 7" (13 TeV)
T+t rr 7T+t 7ttt 1T T 1 1T T 1 17 1T T3
: : : : \ ¢ Data t®X : —
: : ttz e Xy : _
1 : 1 : - wz - Rare : —
: W ZZ 7/ Uncertainty '
10° ! I Nonprompt —— EFT best-fit ! —
107 J 1 . I L -
! — 2 - | _ * 1 1 : 1 —
10 _—
1 =
1.4 =
1.2 =
12 v s, e s 1 B 2 T T, WA el L =
0.8
-1 === I N N I N O S I O O N N N R R AR R A
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Control Region ! Signal Region
N =3 " N=4 N =3 |
Nj =1 ' Nj =1 Nj =3 :
N, =0 N,=0 N, = 1 |

Scan in axial-vector and vector
current coupling plane

Scan in the electroweak dipole
moment plane

N=4 !
sz1 |
N, =1 E

C1 A

2,A

O 0.2

0.1

CMS

775" (13 TeV)

Anomalous
coupling model

CMS 19.5 fb™" (8 TeV) 68% CL

---95% CL < SM
—68% CL ¢ best fit
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4-top search result

CMS /t
= £~0000000

7 31

£.02000009Q /
\\E

Upper limit on 6,5 is
translated into a limit on
Yukawa coupling:
|v./y?M| < 1.7 at 95% CL

CMS 137 fb~! (13 TeV)

| Observed upper limit !

50'_ —— Observed cross section H
1

1 === Predicted cross section !

lye / yM|
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Gl S LFV in dilepton events

Pre-fit impact on R(t/w): AR(t/n)

I g:ngAee -0.004 -0.002 0 0.002  0.004

Post-fit impact on R(t/u): o
I 6 = 6+A0 ATLAS Preliminary

0= 0-A0 (s =13 TeV, 139 b
—®— Nuis. Param. Pull , ,

u(signal) tt PS (high-pT)

u isolation o

u(signal) top p_ reweighting :.-—

Low P M identification

u(hadron decay) tt PS

u(signal) tt hy, - '—‘—0—-]

Pile-up

u(signal) tt PS (mid-pT)
u(hadron decay) norm.(eu) generator

d, resolution smearing

d, template core

u(hadron decay) norm.(uu) stat.

u isolation stat.

-2 -15 -1 -05 0 0.5 1 15 2
(6-6,)/A0

u(hadron decay) norm.(uu) generator

26/05/2020 E.Shabalina - Rare top: production and decays - LHCP2020




C JGEORG-AUGUST-UNIVERSITAT
A GOTTINGEN

O Background estimate

O derive scale factors from low jet multiplicity
regions to correct MC

4-top: 1LOS channel

CMS

36 fb-1

O apply to high multiplicity regions

O heavy flavour component correction based on
to ¢7bb ratio measurement tfjj
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O Backgrounds

» non-prompt leptons
» CMS: Data driven

» ATLAS: MC-based shape, free floating normalisation
from 2 dedicated CRs

» WZ+b-jets

» ttZ

» dominant background in 4j1b and 4j2b CMS SR
regions

O Signal extraction
» simultaneous fit to distributions in signal and
control regions
» MVA discriminant in SR
» ATLAS:

» counting in CRs for non-prompt lepton background
» MtWin WZ CRs
» NN in ttZ CRs

» CMS: counting in WZ and ZZ CRs

tZq measurement

arXiv:2002.07546
Phys. Rev. Lett. 122 (2019) 132003
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