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~ Top quark produco and SM measurements
~Anomalous structures in Wtb vertex

~ Additional processes with FCNC
tgq, tZq, tAq, tHg couplings

~ New heavy resonanses (W', H", T, ...) and DM



Why the top quark 1s still very attractive topic?

~The top quark is the heaviest (173+0.5 GeV) known
elementary particle and is point-like down to about 10" cm
Largest Yukawa coupling and may be dark matter couplings.

~ Top quark decays before hadronization —cﬁ Q\
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~ Top quark decays through one decay channel
t > Wh: Br(t — other) < 1073
-~ The total and differential rates are calculated with O(5-10%)
accuracy

~ Top quark 1s unique and powerful instrument to study SM

physics and search for manifestation of New Physics beyond
SM



Top quark production processes
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SM and BSM measurements

> Total and fiducial cross sections of the
production processes

> Differential cross sections

- Top quark mass and other properties

- Top quark couplings (gtt, Wtb, FCNC, ...)

- Search for new resonances (W’, H+, T, DM, ...)
decaying to top quark and new particles in
the decay of top quark



Top Quark Production Cross Section Measurements Status: November 2018

o [pb]

10° E

10! E

1071 E

ATLAS Preliminary
Run 1,2 4/s=7,8,13 TeV

Theory

LHC pp Vs=7 TeV

B  Data 45461

A o [ u|
LHC pp Vs=8 TeV
- Ce | - BB Data 202-2031b! :
N LHC pp Vs = 13 TeV
. BEl  D:zta 32-708ib!
tt t tW t ttW ttZz tZj ttH tty

t-chan s-chan fid. ¢+jets



Measured top quark production cross sections
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All results at: http://cern.ch/go/pNj7
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Recent measurements of rare top quark
pProcesses
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Events

Four tops cs measurement and top-Yukawa coupling (y)
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single lepton and opposit-sign dilepton (1L/OS)
same-sign dilepton and multilepton (SS/ML)

Single lep. / OS dilep.

SS dilep. / trilep.
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ttH and tHq measurements
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Differential tt cross sections
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Double difterential tt cross section
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Differential single top t-channel cross section
arX1v:1907.08330
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Differential single top t-channel cross section,

+
polarisation, charge ratio  arXiv:1907.08330 i t
- o s 35.91b7 (13 TeV)
Py Pr 197 14 o cost & o8r | | ]
COS 9;0; = W odcosby, 2 (1+ 2A¢ cos Oal) 2 P -
= - s g
qu pf :5 0.6 = $ } i
CMS 35.9 fb* (13 TeV) T [ et _
S nal TN prrrrrrTe rrTTTTTTT - 0.4+ « Data(Iexp, | total) .
s 081 ] = - NNPDF 3.0 NLO 1
3 [ fi‘ 1 ° [ == CT10NLO :
5 0.6f P ~ 0.2k B MMHT 14 NII_D . ]
E i Jx: ¥ 1 E __I ———t——— 1+ I__
© r 4 e b S 1.1_?.71— e —— = ___4____ ]
x 041 o fenn ut/ et +jets § - 1= ==
2 oo e Data (Iexp, |total) - - 0.9 WL ~
~ oob 1 POWHEG 4FS ] ® o8 ... ..., L L a
all --- aMC@NLO 4FS | c 0 100 200 300
[ aMC@NLO 5FS ] Parton-level top quark pr (GeV)
0 H—+—+—+—+—t+—t+—t+—t—+—+t++t+++++++++—++—+—+—+————————
8 1of | | | : _ cMs 35.9 b1 (13 TeV)
0 L 3 " RS S > o08F T T —
5 08f 2 P :
© 0.6E. i, e i D 3 ER [ ]
o -1 -0.5 0 0.5 1 !Fi D'B:‘i. e ; ]
Particle-level cos 65 = L |
= | pslet+jets |
§ 0.4 e Data(Iexp, |total) -
= - NNPDF 3.0 NLO .
A =0.439+£0.062 S [ ==criono
p+e = 0.2k # MMHT 14 NLO N
(Powheg NLO 0.436)
9- ‘]:‘i -_--_I__ e I .....r.r———:r_r ————— :
- 09r B
@ 08B T S BT -
Q. 1 2

Parton-level top quark |y|



(1/0)(doldm(Z (b)) [GeV']

Pred.
Data

Pred.
Data

14

Differential single top tW-channel cross section
EPJC 78 (2018) 186
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First measurement of differential tW-tt cross section
PRL 121 (2018) 152002
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4 Powheg+Pythia8 tT+tW (DS)

10°= * ; =
= ¥ MG5_aMC+Pythias ti+tW (DR) 5
B % 4 MG5_aMC+Pythiag T+tW (DR2) -
L e " ]
1074 = A? xy E
E* ¥ ::‘ =Y §1 ]
i ATLAS ¢ 8! '
L Vs=13TeV, 36.1fb" L
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L | | | | | ‘ | | 1 | | | i
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= min (max (m(bi£1), m(bz£2)) , max (m(bi€2), m(bz2t4)))
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>
b [}]
@]
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_ [}
>
If [/ L
minimax
Mp)
8
ol
a
c
2
i3]
5
o
o
>‘O.6YII!|I\II|I1!III!I!II!III\I\IIII\II
IS i ]
©
© r ATLAS ]
S 05 Vs=13Tev,36.110" ]
5 T pp — Fbb+X ]
© I Fractional uncertainty by source
c L i
o [ — Total ==== Stat. —
=} 0'4_ -.=DR/DS Other i
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bt L —— JESIER —— MC stat. i
L - Non-closure —— Theory (tt+tWhb) -
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~
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tt forward-backward asymmetry

Apg =

o(c* >0)—o(c* <0)

TOP2019

o(c* >0)+o(c* <0

)

tt rest frame
Bacioward Forward
M
. 2]

¥

CMS

Preliminary
pp combination

DO (9.7 fb™)

PRD 92 (2015) 052007, {s=1.96 TeV

L] :
total stat

CDF (9.1 fb™")

PRD 93 (2016) 112005, {5=1.96 TeV

CDF+DO

PRL 120 (2018) 042001, {5=1.96 TeV

NNLO QCD (+ NLO EW)

Gzakon et. al. PRL 115 (2015) 052001, {5=1.96 TeV
pp lepton+jets
CMS (359fb) H ¢

TOP-15-018 (2019), {5=13 TeV

POWHEGv2 NLO

qq, event counting, ¥5=13 TeV

top quark forward-backward asymmetry (parton-level)

App = (stat) = (syst)

0118 £ 0.025 = 0.013

0.160 = 0.045

0128 = 0.021 £ 0.014

0.095 = 0.007

0.048°7 %53 + 0.028

0.0512 = 0.0004

NAlY

>0 _ NAJy[<0

16

A —
C 7 NAlY

Aly|

>0 1 NA ly|<0
= [yt| — |yl

ATLAS+CMS

LHCtopWG
tt asymmetry
ATLAS, I+jets

EJC 76 (2016) 87
PRD 93 (2016) 034014

LHCtopWG

PLB 757 (2016) 154

ATLAS, dilepton

PRD 94 (2016) 032006

CMS, l+jets (template)
ATLAS+CMS, I+jets

\s =8 TeV
total stat

——i
H-oH

H+H

CMS, l+jets (unfolding) h—e—i

1t
e
AC

Agt(stat) £(syst)

0.0090 £ 0.0044 + 0.0025
0.0033 £ 0.0026 + 0.0033
0.0055 £ 0.0023 £ 0.0025
0.0010 £ 0.0068 £ 0.0037
0.021+0.011£0.012

CMS, dilepton A’ H—te—H 0.011+ 0.011+ 0.007

PLB 760 (2016) 365

ATLAS, I+jets boosted F : : !

(Ialyll < 2 arTA m_> 0.75 TeV) .0.042 +0.019 £ 0.026

PLB 756 (2016) 52 1

dilepton asymmetry

ATLAS, dilepton A’ H—m—H 0.008 + 0.005 + 0.003

PRD 94 (2016) 032006  C

CMS, dilepton A" H—e—tH 0.003 + 0.006 + 0.003

PLB 760 (2016) 365  C

IIIiIII|III|III|III|III|III|III
-0.04 -0.02 0 0.02 0.04 0.06 0.08
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Direct and indirect measurements of the top

quark mass

Precision <0.5 GeV (<0.3%)

ATLAS+CMS Preliminary M SUMMary, s =7-13 TeV ~ May 2019
LHClopWG

""""" World comb. (Mar 2014) [2]
e st total stat
total uncertainty

LHC comb. (Sep 2013) LHCtopwG
World comb. (Mar 2014)
ATLAS, l+jets

ATLAS, dilepton

ATLAS, all jets

ATLAS, single top

ATLAS, dilepton

ATLAS, all jets

ATLAS, l+jets

ATLAS comb. (Oct 2018)

My, £ total (stat £ syst) ¥s  Rel.
173.29 £ 0.95 (0.35 £ 0.88) 7 TeV [1]
173.34 £ 0.76 (0.36 £ 0.67) 1.96-7 TeV [2]
172.33£1.27 (0.75+ 1.02) 7 TeV [3]
173.79£ 1.41 (0.54 £ 1.30) 7 TeV [3]
1751+ 1.8 (1.4 1.2) 7 TeV [4]
172221 (0.7+2.0) aTeV [5]
172.99 + 0.85 (0.41£ 0.74) aTeV [6]
173.72£1.15{0.55+ 1.01) aTeV [7]
172.08 £ 0.91 {0.39+ 0.82) aTeV [8]
172,69 £ 0.48 (0.25 £ 0.41) 748 TeV (8]

CMS, l+jets 173.49+ 1.06 (0.43+ 0.97) 7 Tev [9]
CMS, dilepton 172.50 £ 1.52 {0.43 = 1.46) 7 TeV [10]
CMS, all jets 173.49+ 1.41 (0.69+ 1.23) 7 TeV [11]
CMS, l+jets 172.35+ 0.51 (0.16+ 0.48) BTeV [12)
CMS, dilepton 172.82£1.23{0.19+ 1.22) B TeV [12]
CMS, all jets 172.32+ 0.64 (0.25+ 0.59) 8 Tev [12]
CMS, single top 172,95+ 1.22 (0.77 £ 0.95) B TeV [13]
CMS comb. (Sep 2015) 17244+ 048 (0.13 £ 0.47) 7+8TeV [12]
CMS, |+jets 172.25+ 0.63 (0.08+ 0.62) 13 TeV [14]
CMS, dilepton 172.33 £ 0.70 (0.14 £ 0.69) 13 TeV [15]
CMS, all jets

172,34 £ 0.73 (0.20£ 0.70) 13 TeV [16]

[13] EPJC 77 (2017) 354

[14] EPJC 78 [2018) B91
[15] EPJC 79 (2018) 368
[1€] EPJC 79 (2018 313

5158
i) F-2014-055
| [6] PLE 761 (2018) 350 |

165 170 175 180 185
Myop [GEV]

ATLAS-CONF-2019-041
172.5 )

otfeo(mP*) = 6(172.5)| —— | (1 +ayx + a,x?)
mf)or’e

x = (mP°€ — 172.5)/172.5

+

T T T T T T T T T
ATLAS Preliminary

e \s=13TeV,36.1fb"

1100

1000

(BARREREARNEA

900

SRR bbby

Inclusive tf cross-section o) [pb]

800

700[—
== CT14 NNLO+NNLL
600  Czakon, Fiedler, Mitov, PRL 110 (2013) 252004

1 1 1 1 1 I 1 1 1 1]
164 166 168 170 172 174 176 178 180 182

Lo b ™ b b by

m* [GeV]
ATLAS LN
DO ot . {s=1.96 TeV L34
PRD 94, 092004 (2016) — 1728 " 55 GeV
CMS of |, NNPDF3.0, Ys=7+8 Tev 17
JHEP 08 (2016) 029 1738 g GeV
CMS off |, Vs=13 Tev 497
JHEP 09 (2017) 051 ¢ 1706 757 GeV
*
CMS oy, Ys=13 TeV 408
arXiv:1904.05237 .- 1705 _ g GeV
ATLAS ofl | {s=8Tev 16
EPJIC 77(2017) 804 * 173.2 7 g GeV
ATLAS ofl |, {s=748 Tev 495
EPJC 74 (2014) 3109 ¢ 1729 25 GeV
41 Jet
ATLAS o, Vs=7 TeV
ditt.  * +2.3
JHEP 10(2015) 121 ¢ 173.7 _ 57 GeV
1E+1 jet

ATLAS o Vs=8 TeV

o Dt 171.1 * 12 Gey
this analysis -1.1

| | \ | |
150 160 170 180 190
rnEJG|E[G eV]
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First measurement of the running top quark mass
CMS-TOP-19-007

ydm(p)
Sdu?
cms

—y(as(p)) m(p)

35.9fb™ (13 TeV)

H

bi

n

range [GeV]

¢ Data
M signal (1)
Ml signal (u)
[ Isignal ()
|:| Signal (u4
|:| Background
Syst+Am;'©

E -SSR N

Events / GeV

400 600 800 1000 1200 1400 1600 1800 2000
e [GeV]

CMS 35.9 b (13 TeV)
ﬁ_ 350 =
e F - Data unfolded to parton level
E s00- - t
_g“ 250 o + NLO predictions in MS scheme
~_ o H, =g =m(m)
8 200F ABMP16_5_nlo PDF set
- m,(m) = 162 GeV
150 —— mym) = 164 GeV
co m,(m) = 166 GeV
100F- o
50 .
—] 1 1 1 | 11 1 | 11 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 11 | 11 | I 11 1

200 400 600 800 1000 1200 1400 1600 1800 2000
m_ [GeV]

< 420
420-550
550-810

> 810

CMs
o 0.24= —— CMS Incl.Jet, /s =8TeV, ag(M) = 0.1164°0%
) - —e— CMS Incl.Jet, s =8TeV
Lk [GeV] s 0221 —=— CMS R, f;t=7'rev
- CMS InclJet, s = TTeV
384 02— —— CMStt, \s=7TeV
r ass , Vs = 7Te!
476 0.18 —— §?.".i3."32‘." e
r DO Angular Correlation
1024 0.14 :_ - = = World Avg Us(“,! =0.1185 1 0.0006
0.12 f—
0.1
o.osLI\/IS summary plot
67870 0 8040 o0 @0 a0 1000 2000
Q (GeV)
CMS 35.9 b (13 TeV)
E e
2 ABMP16_5_nlo PDF set
e - w =476 GeV
~ - ref
= 1.05— n,=m =163 GeV
£ F
1=
0.95
- [} NLO extraction from differential Oy
0.9 o Reference scale = u
C NLO extraction from ?nclusive Og
0.85— One-loop RGE, n = 5, ocs(mz) =0.1191
B 1 1 I 1 1 | 1 1 1 I 1 1 1 | 1 1 1 I 1 1
200 400 600 800 1000
u [GeV]



Direct measurement of CKM th

proton

antiproton

Inclusive cross-section [pb]

10?

q
q . | Op-ch. t+1
Vel =
% w o _
’ f-ch. t+t
, @@
g b
3 F o2 72 712
I"td‘ + H”ts < I’tf}‘
ATLAS+CMS m ATLAS
Lrictopwa * KTLAs.cMs -
C _aiaia;n LHCIopWG ]

---NNLO t-channel
scale uncertainty

---NLO+NNLL

scale ® PDF & oy uncertainty

—NLO

scale uncertainty
scale ® PDF @ a, uncertainty |

Vs [TeV]

Combined | fry Vip|? | 1.05
. Uncertainty

Uncertainty category T | AoVl 5
Data statistical 1.8 0.02
Simulation statistical 0.9 0.01
Integrated luminosity 1.3 0.01
Theory modelling 4.5 0.05
Background normalisation 1.3 0.01
Jets 2.6 0.03
Detector modelling 1.6 0.02
Top-quark mass 0.7 0.01
Theoretical cross-section 4.3 0.04
Total syst. unc. (excl. lumi.) 7.1 0.07
Total syst. unc. (incl. lumi.) 7.2 0.08

Total uncertainty

| 74| 0.08

ATLAS+CMS
LHCtopWG

meas.

|vath| =

€0.

6, . NLO (t- and s-channel), NLO+NNLL (tW)

theo.

86, scale ®PDF ® o, ®m, @ E

m, = 172.5 GeV
ATLAS+CMS LHGtopWG et
t-channel, Vs = 7, 8 TeV
ATLAS+CMS LHCtopWG — et
tW,Vs=7,8TeV
ATLAS+CMS LHClopWG | ‘e

(0 ) .
5y, from single-top-quark production

s-channel, Vs = 8 TeV

ATLAS+CMS LHCtopWG

t-channel, tW, s-channel, Vs = 7, 8 TeV

i

[ty V! £ (meas.) * (theo.)

1.02 £ 0.04 +0.02

1.02 £ 0.09 +0.04

0.97 £0.15 +0.02

1.02 +0.04 +0.02

0.6 0.8

]
|fLVVlbI

12 14




20

What we call anomalous Wtb couplings?

Legr = Lsm + Z % ), Operators that contribute to the Wtb vertex:
J. A. Aguilar-Saavedra, arXiv:1008.3225

1 — )
contact four-fermion Og’?li'gm 2 [QT(HD’*‘ B D“H)qﬂ (quav't'qis).  Opy = (6" Duo) (7" br)

interactions 0%, = (30" tlbg)o ! 5 (ot T
(not a part of Wib vertex): " Hav- =1 i

(1,3) " one can derive vertices:
Oy = (q'y m'q N (gytr (J)

B — B poH -
! ' Cen Zhang, j”-"fb \fb}ﬂ[ (VLPL+ VRPR) t W.“
>< oot e v
o7 arXiv: . - 1()' , .
_ * s W (gB+grBe) t W, +he.
d b \[ My
N ] order:
V=R =R, 1N 1//\42 Where corrections to SM coupling:
Ve =FY =F Vi e (3 343) 2 33 12
g, =FT =Ft - (P VL=V +C, Y, &L= V2Cr,
- 2 2
g.=F" =F" (QL)2 Vi = 1C£<3,-b ;\22 gr = \/ECL?:%VF
Jd, (9,)

oo A-(fi) +B-(f1)+C(f11f2)+ D (fi /) + E-(f3) + G (f2 )


http://arxiv.org/find/hep-ph/1/au:+Aguilar_Saavedra_J/0/1/0/all/0/1
http://www-library.desy.de/spires/find/wwwhepau/wwwscan?rawcmd=fin+%22Zhang%2C%20Cen%22
http://www-library.desy.de/spires/find/wwwhepau/wwwscan?rawcmd=fin+%22Willenbrock%2C%20Scott%22

(F-Y,F*V F*Y u (F“V,F-' F®*') scenarios
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_03 ! ! ! !

O_‘|
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7))

— 95% CL expected
—— 68% CL expected
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"0.05 01 015 02 025 03 035 04 045 05
R
Ifvl
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—— 95% CL expected
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’

o
o
o
o
=)
—
©
—
ol
=
N
=
)
a
=
w

Observed (expected) 1D
limits at 95% C.L.:

f1]<0.98(0.97),
f5]<0.16(0.22),
—0.049(—0.049)<f~<0.039(0.037)

Observed (expected) 1D
limits at 95% C.L.:

f1]<0.98(0.97),
f1]<0.057(0.10),
—0.049(—0.051)<f><0.048(0.046)
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W helicity, top polarisation and Wtb anomalous couplings

Y.

4 Y _ N\
longitudinal Ieﬁ—handed right-handed
+1
.
LN lw Tw+
Tt Tt
+1/2 1 b _er T b +1)2 lv b ﬁ{'lc'bllj\WS;CMs Preliminary November 2017 Pnem]
12 *112 112 Theory (NNLO QCD
I PRDe;réo(m)msoSR) ) FR FL FO
F, =0.687 F_.=0.311 Fr = 0.0017 o=+ Data (F /F /F,)
\. /\ )\ / ATLAS 2010 sin !
gle lepton, Ys=7 TeV, L, =35pb° H—e—H H—a—H
ATLAS-CONF-2011-037
—, 0571 T L e e B AH‘EIF:ASZOH)smgleleptonanddllepton \s=7 TeV, L =1 04 o HH HimH s
— _|||||||||||||||||||||||||||||||||||||||||2 E_ATLASPreIImlnary XBeStFIt_E JHEP 1206 (2012) 088 -~ ~ ..
= 04 arias 4 BestFit ~ov 9= ¥ _arev 2021 Com 1| Sus20tsinglelepton, fe=7TeV, L, =221 " HeH
% L Vs=7TeV, 467 « SM 04 68% CL = LHC combination, s (s=7 Tev e L] HH
- - o - op
o 1} = 4
0.2+ |:| 689 CL - 0.35F 95% CL 3 ATLAS-CONF-2013-033, CMS-PAS-TOP-12-025
r DQE% CL 0.3 E EAF:IJ'I53\7S(2§1073226“S|ngIe lepton, {s=8 TeV, L, -202fb L L fal
ol o . 255_ E GMS 2011 single lepton, 15=7TeV, L_=5.01b" M 1 A
B E E CMS 2012 single top, {s=8 TeV, L _ _197fb‘ le] H=H Ha
[ + 02 = JHEP 01 (2015) 053
-0.21 - E 3 CMS 2012 single lepton, {s=8 TeV, L_ _198fb L o 2]
L 0.15: = PLB 762 (2016) 512
C 0.1= 3 CMS 2012 dilepton, s=8 TeV, L _=19.7 fb” HH pH Hatf
-0.4 _— - 0 05E_>< _E * superseded by published result | | | | | | |
r = 3 0 0.5
L R ). - !
RN o T T P N P B 0.1 02 0.3 04 0.5 0.6 W bosan hellcty fractions
-04 03 -02 01 0 01 02 03 0. |VRNL|
Im[gq;"'.-',_J
] CMS 19.7 b (8 TeV)
Imgr € [-0.18, 0.06] : 198 7 ETeN)
JgR —u.16, U. *  — o
r D2 0.08— CMS .68% CL
L 2 C
0.5+ 006 V,=1.V =0
ot I - V=1, Vs [ Jos% cL
HF - L
T | L 0.04 . . .
o8- R ERRUAEE —~ - Combined p+jets and e+jets * SM
: o | 0.02—
0.6~ LHC combination preliminary V=1, VH=0 D) O o ooi %
[ \s=7TeV, L _=35pb"-2.2fb" . o r r
041~ 68% CL r -0.02—
0l [TJes%cL - .04
i + s 0.5~ W@ 68% CL » Best fit o0k
°F A - @ 95% CL SM pred. 0085
'0-2; |_ Il 1 1 ‘ 1 1 1 1 1 ‘ 1 1 1 E | | 1 | |
_ _ o .1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
I ‘ | ‘ ‘ | ‘ | 0.4 0.2 Re? ) 0.2 0.4 0 -%. 0.2 -0.1 0.0 0.1 0.2 0.3
V%4 03 02 04 0 01 02 03 g|_ Re(g,)
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tW+tt anomalous contribution, EFT interpretation

aerv 1903.11144

(3)

(3) _ [t i — M C _
£
Il iy C
Ow = ( ol )4) ;ew Legt = —2v’c')b(?'}wPRtavW; + h.c,
O = (ot"A"t)PGy,, Leit = \/Eti ~o (f"A") Gf, +he,
£
) ~bp C .
C"G — fabr(—‘m bP 1;’“; Leff = A_(;fachm (—’LJPGCF
; i CU(C)G — (=) HV A A
Oy(e)c = (quA%)9G ; Lett = V2A2 o (T(c) oAt Gy +hee,
Effective Channel Observed [TeV 2] Expected [TeV 2]
coupling Best fit  [68% CI] [95% CI] Best fit  [68% CI] [95% CI]
ee —0.14 [-0.82,051] [-1.14,0.83] 0.00 [—0.90,0.59] [—1.20,0.88] CMS 35.9fb7 (13 TeV)
co/nz H —0.18 [-0.73,0.42]  [-1.01,0.70] 0.00 [—0.82,0.51] [~1.08,0.77] L L L B L L I BN B
% Hu —0.14 [-0.75,0.44] [-1.06,0.75] 0.00 [—0.88,0.57] [—1.16,0.85] b ovs. besti
Combined —0.18 [-0.73,0.42]  [-1.01,0.70] 0.00 [-0.82,0.51] [~1.07,0.76] _- 68% obs. N
ee 1.12 [-1.18,2.89]  [-4.03,4.37] 0.00 [-2.53,1.74] [—6.40,3.27] |
c@) a2 —0.70  [-2.16,059]  [-3.74,1.61] 0.00 [~1.34,1.12] [-2.57,2.15] [ estors
¢q up 1.13 [~0.87,2.86]  [-3.58,4.46] 0.00 [-2.20,1.92] [—4.68,3.66] | 95% obs. (theory sys) _|
Combined —1.52 [-2.71,-0.33] [-3.82,0.63] 0.00 [~1.05,0.88] [—2.04,1.63] Cs I - |
ee 6.18 [-3.02,7.81]  [~4.16,8.95] 0.00 [-2.02,6.81] [-3.33,8.12] - —
Cov/n  OH 1.64 [—0.80,5.59]  [—1.89,6.68] 0.00 [~1.40,6.19] [-2.39,7.18] C,x10 | _ |
g i ~1.40 [-3.00,7.79]  [-4.23,9.01] 0.00 [—2.18,6.97] [-3.63,8.42] — —
Combined 238  [0.22,4.57] (096,574 000  [-114,593] [-191,670]  Cu I - I
ee —0.19  [-0.40,0.02]  [-0.65,0.22] 0.00 [-0.22,0.21] [—0.44,0.41] N 7
Coa |
Co/a? CoH —0.03 [-0.19,0.11]  [-0.34,0.27] 0.00 [—-0.17,0.15] [—0.34,0.29] oq | B
- 1 —0.15 [-0.34,0.02]  [-0.53,0.19] 0.00 [-0.19,0.18] [-040,035] ~ .44 -
Combined —0.13 [-0.27,0.02]  [-0.41,0.17] 0.00 [-0.15,0.14] [-0.30,0.28] ~uG" " | |
ee —0.017 [-0.22,022]  [-0.37,0.37] 0.00 [-029,029] [-0.42,042] ¢ »10 _
Co/nr —0.017 [-0.17,0.17]  [-0.29,0.29] 0.00 [—0.26,0.26] [—0.38,0.38] |, ||
EC i —0.017 [-0.17,0.17]  [-0.29,0.29] 0.00 [-0.27,0.27] [—0.38,0.38] -8 -6 6
Combined —0.017 [-0.13,0.13]  [-0.22,0.22] 0.00 [—0.21,0.21] [—0.30,0.30] C IN? [TeV ]
ee —0.032 [-0.47,047]  [-0.78,0.78] 0.00 [—0.63,0.63] [—0.92,0.92]
Co/n2 oM —0.032 [-0.34,0.34]  [-0.60,0.60] 0.00 [~0.56,0.56] [—0.81,0.81]
e i —0.032 [-0.36,0.36]  [—0.63,0.63] 0.00 [—0.58,0.58] [—0.84,0.84]
Combined —0.032 [-0.26,0.26]  [-0.46,0.46] 0.00 [—0.46,0.46] [—0.65,0.65]




Flavor changing neutral currents (FCNC) 1n the i
production of top quark

Flavor Changing Neutral Currents (FCNC) ¢t — qg, t = qv, t — qZ

SM two-Higgs SUSY
B(t —+cg) 5-107"" 1076 10~*
B(t — ¢v) 5.107 '3 10~ ° 10~°
k B(t - cZ) ~ 1071 1077 0%
f
Photon _
o_to Gluon mediated !
mediated
g t
t_i/c
we cg — tg gg — lc
Z mediated SM predictions: ¢, Higgs mediated
g
\\u/c t Br(t— Hu)~10",
. . 'U,/C /,’ Br(t—> HC)~10-15 u;k. .
‘—;ﬁ) N ."] — "
gz:?:‘f: - l\ ) u/c b
A& L,
S (4

=l



95% CL upper limits on FCNC top quark decays

t—Hc
t—Hu
t—yc
t—yu
t—gc
t—qu
t—Zc

t—=Zu

ATLAS+CMS Preliminary 95%CL upper limits €—@ ATLAS <—@ CMS

LHCtopWG

September 2018

Each limit assumes that
all other processes are zero

[1] ATLAS-CONF-2018-049
[3] JHEP 06 (2018) 102

[6] EPJC 76 (2016) 55

[7]1 JHEP 07 (2018) 176
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Dark Matter with top quarks n s1mp11ﬁed models
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Summary

~ LHC provides a lot of precise measurements within top
sector of the SM

~There are no experimental observation of deviation from
SM 1n top quark sector

~ Main search directions:

- all possible modifications of top quark interactions

- additional

| charged vector or scalar bosons

- additional
tyu(c)

| top quark interactions, e.g. tgu(c), tZu(c),

~ With a new LHC data 1t will be possible to test tHq

Interactions
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