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The Top Quark Phy5|cs

Lev Dudko
Lomonosov Moscow State University,
Skobeltsyn Institute of Nuclear Physics
(SINP MSU)
Lecture 3

Reviews: Willenbrock; Han; Hill and Simmons; Bernreuther; Rainwater; Morrissey,
Plehn, and Tait; Incandela, Quadt, Wagner, and Wicke; Boos, Dudko, and Slabospitsky;
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Wtb anomalous couplings t -
Leg = Lon + Z e —* 0, Operators that contribute to the Wtb vertex:
7 J. A. Aguilar-Saavedra, arXiv:1008.3225
‘ - _ )
05 =2 0" (e Dy = Dutho | (@uarelaw). Of = 167 Duo) iar b
contact four-fermion ] ; ; \ ; ]
interactions Ojiy = (qrsc*"t'bg) o W, Oniy = (30" T'tR) W,
(not a part of Wtb vertex):
i N one can derive vertices:
Ol = (v &)@y q) g 3
) [ Lwiy = ——=by" (VI P+ VpFp) t W)u
Cen Zhang, Scott Willenbrock \/7
X} , arXiv:1008.3869 g 10_ “Vq
qq - Vv -
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: . ~ a0, SRR W Ahe
_F R order:
VoEFr =, 7S 1//\42 Where corrections to SM coupling:
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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

Production cross section and
anomalous Wtb couplings

s-channel: t-channel:
) E'Vzd'OCZ B4_§ ﬂ:*VZd'OCZ
O(S), i p= . . X o(S)y — .
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C{):m—%v, 1 = p + B
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http://arxiv.org/pdf/1607.00505.pdf

Simulation of t-channel single top with
anomalous Wtb coupling in the production and
in the decay of top |
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http://arxiv.org/pdf/1607.00505.pdf

I Short How To with CompHEP

Download http://comphep.sinp.msu.ru/ and unpack
cd comphep-4.5.2

Jconfigure --with-libxml --with-m64 —with-root
make

make setup WDIR=../comphep_wdir

cd ../comphep_wdir

Jcomphep (run CompHEP GUI)
Is -l models/ (list models files, editable)
Is -l results/  (directory with results of calculations)

PoS ACATO08 (2008) 008, arXiv:0901.4757;
Nucl.Instrum.Meth. A534 (2004) 250-259; 5/ 36
hep-ph/9908288;


http://comphep.sinp.msu.ru/

Choose existing model or
create new one

CompHEP version 4.5.2 - o

Ahstract

CompHEP package is created for calculation

QED
Effective 4-fermion

of decay and high energy collision processes of SH, unitary gauge
elementary particles in the tree approximation. mwﬂ_

The main idea put intco the CompHEFP was to
make awailable passing from the Lagrangian to
the final distribmtions effectively, with the
high lewel of automatization.

HS85H, unitary gauge
HS55H, Feyrmman dgaudge
SUGRA, unitary gauge
GHSE, unitary gauge

Use the F2? key to get the information about _8M ud

interface facilities and the F1 key to get
online help.

_SH_qQ
_H' _left+right - only

_H'-1-r gquarks-only
_FCHC_EO

_FCHC_EKC

_HZprime

_HZprimeSH

_¢h scalar inclusive
_¢h scalar exlusive

F1- F2- F5- Fb6- F9-

B |t |W- | |-EE/(2*Sqrt2*SW)

IFL1*G(m3)*(1-G5)

_AnomalousHtb_Unphys
_AnomalousHth _Vector
_AnomalousHth

CREATE NEW HMODEL

+FR1*G(m3)*(1+G5)+FFL2*(G(p3)*G(m3)-G(m3)*G(p3))*(1-G5)+FFR2*(G(p3)*G(m3)-

G(m3)*G(p3))*(1+G5)
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L proton
Enter scattering or decay q
q' R
process to calculate “
w w+ v
CompHEP version 4.5.2 - o X g
g b
HModel : _Anomal ousHth
List of (anti)particles antiproton p
G(E) gluon A(A) photon Z(Z) Z boson |
H+({H-) H hoson ne(He) neutri .
yim (Hin ) mi-neutr inc m () i CompHEP version 4.5.2 - o x
1(L)} tau-lepton u{u) u-quar Hodel : _Anomal cusHth
o) c-guark s(58) S-quar
hi(B) b-uark H{H) Higgs Process: p,p —-> m,Hm, b, B,jl
160 diagrams in 16 subprocesses are constructed.
0 diagrams are deleted.

Enter Final State: p,p -=> M NN}
Exclude diagrams with
Keep diagrams with t

Delete,On/off,Restore, Latex

CompHEP version 4.5.2

Subprocess

-> G,Hmn,m,h,B
G, Hn,m,bh,B
Fm,m,u,h,B
G, Hn,m,bh,B
G,Hn,m,bh,B
Hm,m,D,h,B
G,Hn,m,h,B
G,Hn,m,bh,B

Del

F1-Help, F2-Han, PqUp, PgDn, Home, End, ¥, Esc

[F1-Help, F2-Man, PgUp, PgDn, Home, End, #

. " Fm,m,u,h,B
" . G,Hm,m,b,B
W+
e G,Hn,m,bh,B
t B
T
DEL
CompHEP version 4.5.2 - o x }
t b t B G- B G---7—<—B
L~ b Delete,On/off, Restore, Latex, Ghosts )
¢ 4){3 © AW+ E: b CompHEP version 4.5.2 - o
A o ; u H+
< t <"l ~H+ -¢- <"l Model:  _ZnomalousHth
t u Him b t -Hm
t Process: p,p -> m,Hm,b,B,jl
H+ b H+ ————b . n _
d_>___<_<m GHE _€_<m GHE . Feyman diagrams | Symbolic calculations
Hn 4 ! u Hn 1 ! u 160 diagrams in 16 subprocesses are constructed.
DEL DEL DEL 158 diagrams are deleted.
G---7————h G---7—3——h Stuared diagrams
3 diagrams in 1 subprocesses are constructed.
B tb B (1} diagrams are deleted.
Lo }:t o . (1} diagrams are calculated.
! e R T e 1] out of memory
' - " current diagram 1 in (Sub)process G,d->Hm,m,u,b,B
wH+ Subdiagram :1{of 1)
! Hon W+ Used memory :722408 EKh
! d——"-<- Operation :Fermion loops calculation
s Him
DEL Press Esc to halt calculations



CompHEP version 4.5.2

160 diagrams in 16
158 diagrams are deleted.

LT N T

Hodel : SH, Feynman gauge

Process: p,p -> m,Hm,b,B,jl

Feymman diagrams
subprocesses are constructed.

View squared diagrams

Hrite results

C-compiler
Build 1-click tarbhall
Enter new process

Squared diagrams
diagrams in 1 subprocesses are constructed.
diagrams are deleted.
diagrams are calculated.

CompHEP version 4.5.2 - O X

{(sub)Process: G,d -> Hm,m,u,hb,B
Honte Carlo session: 1l{begin)

Subprocess

Initial state
Hodel parameters
Constraints
QCcD scale
Hidth scheme:
Cuts
Kinematics
Regqularization
Humerical Session

{sub)Process: G,d -> Hmn.m,u,h,B
Honte Carlo session: 2({begin)

Humerical Session

Fixed

I tmx = 5
Distributions
Start integration
Clear statistic

Clear grid
Generate ewvents
FIT Cross section [pb] Error % ncall chi**2
1 1.2314E+00 1.68E+01 472392
2 2.3028E+00 6. 08E+00 472392
3 2.1849E+00 1.33E+00 472392
4 2.1752E+00 5.57E-01 472392
5 2.1711E+00 3.92E-01 472392
< = 2.1725E+00 J.11E-01 2361960 5

It
ncall

Clear
Generate events

After symbolic calculations write ME in c-
code, compile and go to numerical session

In numerical calculations
Window check: initial
states,

Model parameters,
Kinematics.

Set cuts (if necessary)
and regularization
(mapping phase space)

In numerical session check
integration parameters,
start integration and get
total LO cross section.
At the next step generate
events in LHEF format.

Use num_batch.pl to
automate calculations for
many subprocesses

Humerical Session

b
= 472392

Distributions

Start integration

Clear statistic

8/ 36
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JHEP 02 (2017) 028: signature, main backgrounds and event selection

Signature: Main backgrounds:

Light jet
t , , b
Lepton < b
Missing transverse energy top pairs _ W+jets
b-jet with high p_ g ’ b W
Additional b-jet with lower P, uamm<
gQ> b QCD
Vs=7TeV Vs=8TeV
Int. Lumi: 5.0 /fb 19.7 /tb
Triggers applied: HLT_IsoMul7_v* HLT_IsoMu24_eta2pl_v*
HLT_IsoMu24_v*
HLT_IsoMu24_eta2pl_v*
* Exactly one "tight" charged lepton:
e Mmuon p,.>20(27) GeV/c, |n| < 2.1, rellso < 0.12
* No additional "loose" charged leptons
e 2o0r3jets > 30 GeV/c, |n| < 4.7
J p. n| 5 /36

* At least one b-tagged and at least one untagged jet according to CSVT



Common analysis techniques

Cut-Based Likelihoods Decision Trees Neural Networks Matrix Elements

NGV * =g

* Weak points of the methods

> Cut-based and Decision Trees methods use triangle cuts in multi-dimension space
therefore it is not very efficient. Boosting algorithm helps to improve the efficiency
of DT, but also can be applied with NN and other classifiers.

> Likelihood function is usually far from some optimal function to classify the events
and requires special study in each case.

> Matrix element approach tries to use analytic form of Matrix element of signal
process for the probability function. The main problem — it is mostly impossible to
get analytic form for the processes of interest and backgrounds. Therefore, use
events simulated by MC and other classification methods is usually more optimal.

* NN requires different steps of optimizations and tuning to avoid known problems
and prepare efficient classifier

* Mostly all of the methods require non-trivial set of observables to analyzé? /36



Method of “optimal observables”

* Provides general recipe how to choose most sensitive
variables to separate signal and background

> It is based on the analysis of Feynman diagrams (FD) contributing to
signal and background processes

*> Distinguish three classes of sensitive variables for the signal and each
of kinematically different backgrounds: Singular variables
(denominators of FD), Angular variables (numerators of FD) and
Threshold variables (Energy thresholds of the processes)

> Set of variables can be extended with other type of information, like
detector relative variables (jet width, b-tagging discriminant)

Described in different examples for the top and Higgs

searches

> Eur.Phys.J. C11 (1999) 473-484

> Nucl.Instrum.Meth. A502 (2003) 486-488
> Phys.Atom.Nucl. 71 (2008) 388-393

* Applied in different experimental analysis in D0 and CMS
> Phys.Lett. B517 (2001) 282-294 and other DO publications 11736
> JHEP02(2017)028 (CMS-TOP-14-007)



Deep Learning Neural Networks (DNN)

* Started from [Hinton, G. E., Osindero, S., & Teh, Y. W. (2006). «A fast
learning algorithm for deep belief nets.» Neural computation, 18(7), 1527-1554 ]

* DNN i1s able to construct huge networks with automatic
interpretation of input data, therefore it does not require
accurate preprocessing of input data and can extract

non trivial correlations and optimal observables from
RAW variables

* Example of usage in HEP [Nature Commun. 5 (2014) 4308]
increase sensitivity from 3.10 to 50:
Discovery significance gg— H" 5 WTHT - WTW=RY
Technique Low-level High-level Complete

NN 2.50 3.1o0 3.70
DN 4.90 3.60 5.00 12 /36




I Scheme of the analysis

Setup

Basic selection Reweighting

A"

QCD
BNN

SM

Preselected events

SM
>

input vars = BNN

SM

aWtb
>

SM cross
section

BNN N
output
BNN

input vars = BNNS

>
output I

Wtb
couplings

JHEP 02 (2017) 028
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QCD multijet rejection

e . & [ cwms preliminary
:0.35 < rellso(mu) < 1. i CMS preliminary, Vs=7 TeV, L =5.0 fb™ O
(035 < rellso () < 1] cwsptmin, 71 P e e
5 F Esgn exam | — T i
:“E:o.35f [)bkg exam 7] B /
o E + sgn train s
0.30 0.6/
D > bkg train —/
0.251 :
B 0.4f
020F : — MW cuts
015 | j’ -------------- QCD BNN cuts
s 7 O'zt ------- QCD BNN cut vs sig.eff
- /%L ) r +# QCDBNN - 0.7 points
" — O~z  0s 06 __ 08 1
0_0030_0 //ﬁyé?ﬂf’ 2, T"""':? el ' ' ' QCD efficiency | QCD BNN cut
%107 19.7 fb7 (8 TeV) %103 19.7 b (8 TeV)
8 - Data 4 6 . Data
L% Ml ¢-chan E’ 5 CMS Il t-chan
L []s-chan ~ []s-chan
[C]tW-chan 4 [CJtW-chan
[t 3 tt
O W+light [ W+light
We 2
WQaQ =
CIWQX (UE) GE" ,,,,,,,,,,,,,,,,,,,,,,, CJWQX (UE)
% 0.2F 1 |l Diboson % Py A IR I 1|l Diboson
:ﬁ%ﬂ.ﬂf 1, 'il"lii;l ;t!lrll‘l|=l=l.|.l-.. E -DFE'":YEI'I ﬂlﬂgﬂ‘nil a i Y 'n e A LR g N bk gt ] E -DFE|!:YEH
B 028t 1| Multijet Bl 025t d -3 | T Muliijet
= 00 02 04 06 al o 20 40 60 80 100

0.8 1.0
Multijet BNN

3
3



I Event vyields

Vs = 7TeV Vs =8TeV
Process | Basic selection Multijet BNN > 0.7 | Basic selection Multijet BNN > 0.7
t channel 5580712 45607150 219007550 148007580
s channel 373715 3017} 1307+47 865-+31
tW 2080160 17604130 92204620 6 620+450
T 770 660 5100 3600
tt 2045073, 17 360755 10110075 7220075 300
Wijets | 161004800 12700630 361001 1500 23700800
Dibosons 380410 30048 78020 537414
Drell-Yan | 1520480 660440 59604320 2060+110
Multijets 734073700 740350 3020069% 2630722
Total 5380073700 38380719 2066505500 1234001355
Data 56145 40681 222242 135071
JHEP 02 (2017) 028 15/ 36




Systematics

Measurements are limited by statistical and systematic uncertainties. The statistical uncert.
can be improved by collider upgrade. Systematic unc. comes from different sources: from
theory calculations (to improve need to increase precision of calculations), from detector
performance (to decrease unc. need to improve detector or reconstruction programs).

Different types of systematic uncert. are taken into account in different ways:

1. uncertainties of the normalization (all bins are normalized to the same coefficient)

2. distribution shape uncertainties (content of the distribution bins can be changed by some
function)

3. uncorrelated changes in the distribution bins (need pseudoexperiments to estimate prob.)

4. sys. uncert. due to finite statistics in MC samples (Barlow-Beeston method)

Sources of systematic uncertainties:

Marginalized

e XSections Unmarginalized

 JER * PDF .

 JEC (without separation) * Q uncertainty

) bttagging and mistag ) de(f)FelfeEgtlsoeI;grfators Barlow-Beeston method in

* PileUp & THETA package

* LeptonID, Iso * Finite MC statistics

* Trigger Sfs 16/ 36

* Luminosity (2.2% / 2.6%)



Distributions of some of the input
variables for BNN

%10° 19.7 b (8 TeV) %107 19.7 b (8 TeV)
g F t Data o I } Data
g Il { channel S eF & CMS Il ¢ channel
% [1s channel s | : [ s channel
g W D a4l Ctw
(0] it 4r- o i
B W+light -  W-+light
W+c 2__ B W+c
B W+QQ - B W+QQ
EmW+QX (UE) i I W+QX (UE)
O oIl - - = |ElDibosons | 5 OfrF AR A A || Dibosons
E:'i:l (0.0 o ‘u*"' 'w”ﬂ-ﬂw*uﬂhﬁ*i“u*ﬂ“ . ’M'd I Drell-Yan E. O 0.0F “I'+ +hﬂ'."‘"“ !"‘"i** ; : N ] Drell_l—‘f'an
E E_ﬂ'1- . . __ ....... I ...... . ___ A ,I_ ..... . .___I. ....... __ I:l MUI“]E‘t % E _G_-Iﬂ:. . . J T I_ ST NN I:l MU'tlJE‘t
O -1.0 —0.5 0.0 0.5 1.0 0 4 3 2 10 1 2 3 4
cos(6,; )l 7 (j)
«10° 19.7 b (8 TeV)
= gF + Data = t Data
8 [ & CMS Il ¢ channel & Bl { channel
©o '_ s channel = [1s channel
£ CJtwW £ W
: it : i
L I W+light W I W-+light
BW+c W+
B W+QQ W+QQ
EmW+QX (UE) m W+QX (UE)
O th' — -Bibtlnls‘?ns ol oo . + (I Eibclris\?ns
= . .“'_“““ '“ 4! + |1/ Urell-Yan | {t. o R AT G S _H PRAITH %, «jﬂ\ﬂ !I"I' B Urell-Yan
s %q v ‘““H'H +- +++++'¥ J'l+' 4| I Multijet ﬁ %-%2]_—-&*'*&“’---1—‘ ey . “ﬁ t -4 ] Multijet
E 100 1 50 200 250 SDD 35{] "400 g 100 150 EDU 25(} BGD

Hy(j.1) (GeV) M(W.b) (GeV)



Cross checks in different phase
space regions

«10° 19.7 b (8 TeV)
o 20F { Data
o | CMS Bl { channel
% ¥ 1= channel
] W
T} (il
B Welight
W+
W00
B W-0X (UE)
oy DO Bl Dibosons
E.U o “a_'.'i' 'l'“'gi_" =4""'¢¢' N "J“""Ii -Drﬂ":‘f"an
S0 2 S e | ) Multijet
2 o0 02 04 068 08 1.0
SMBNN in 2 jets, 1 tag
N x10° 19.7 b7 (8 TeV) - N 10 19.7 o' (8 TeV) —
ata ata
3 B { channel E_' Lo CMS B ¢ channe!
4 15 channel £ [1s channel
2 - 2 W
m tt (w | i
B W light [ W-+light
W+ Bl W+c
mwW+a0 mmwW+aa
WX (UE) W+ QX (LE)
9 o -gibﬁsgns 0 DDE]‘ -Eibﬁ5$n5
= CHRde - L LT T rel-Tan E = H reil-ran
gE.H:EE R L | EMul'tiiet g%ﬂ:ﬂg*‘. .'.“f e L L EEMulﬁjet
S 0.0 0.2 0.4 0.6 0.8 1.0 g 0.0 0.2 0.4 0.6 0.6 1.0
SM BNN in 3 jets, 1 tag SM BNN in 3 jets, 2 tags
N w108 19.7 67 (8 TeV) 5 N ag"‘m& 197 o' (8 TeV) =
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S 1.0~ _ CMS Il { channel E_ CMS Bl ¢ channe!
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- W : 0w
{m tt (w =t
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W+ B W+c
WO mmW+os
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(2§ Sy SR TN e | 5t T et 18/ 36
g K] 0.2 0.4 0.6 0.8 1.0 E 0.2 0.4 0.6 0.6 1.0

o

SM BNN in ff CR (4 ets, 2 tags) M BNN in Wsjets CR (no b-tagged jets)



SM BNN post-fit normalization and uncert.

1 TeV: 8 TeV:

5.0 (7 Tev) 19.7 i (8 TeV)
10 «10%
8 sl . Data g °E / .« Data
= L = - /
St 2 CMS Bl t-chan S sE- CMS Il t-chan
5 []s-chan s = [1s-chan
s [ tW-chan E = tW-chan
» [d = i fi
15 I W-+light = I W-+light
C Bl We = B we
Ty - Il WaQ = [ Koo
C = wWax (UE) E 3 WOX (UE)
C Il Diboson = Il Diboson
S [l Drell-Yan - [l Drell-Yan
C [ ]acD = [ ]1QCD
0.0 N =
o 0.2 o -
= =, E
0.0 [

0.0 0.z . 0.6 0B 1.0
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BNNs sensitive to anomalous
contirbutions
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1D and 2D 95% CL Limits

Scenario f{? > |f{r{| < | f«%| < < =113‘ <
vs =7 and 8 TeV

(f& 3 0.97 (0.92) | 0.28 (0.31)

(fL, o) 0.92 (0.92) 0.10 (0.14)

(f& 3 0.94 (0.93) —0.046 (-0.050) 0.046 (0.041)
(f&, & 2 | 0.98 (0.97) 0.057 (0.10) | 0.049 (- 0.051) 0.048 (0.046)

(fv. Y 1)

0.98 (0.97) | 0.16 (0.22)

~0.049 (-0.049) 0.039 (0.037)

5.0f7 (7 TeV) + 19.7 fb" (8 TeV)

o 04F -
— - CMS [ 195% CL observed
0.3 [ 68% CL observed
02 e 95% CL expected
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Anomalous couplings in W helicity fractions 10

he anomalous couplings could be obtained from partal width for the top decay

into a W boson with -1 (left), 0 or +1 (right) helicity: Eur.Phys.J.C50:519-533,2007
r=w,r=914 5 r=w.r=914p +pldp
- ) 32 - - - 32 - m,
me . o 5 . . .
Where 4, — :'U;}. (VL2 + [VeI?] (1 = 23) + [l + lgrl?] (1 — aB)
R ) I . . w1 /- ‘
— dxy, Re [ViLVE + grag| — E-"”:r Re [Vigr + Vrar] (1 — aiy) xW:Mmet
THL. . - . - . . f—
+ Ef-ﬂ; Re |Vpgp + Veggl (1 + x3y) . Xp mbfmt
AVL TV
ro2 ro2 2 ’”f 2 2 2
Bo = [IVLl" + [Val*] (1 = aw) + 37~ llgel” + lgnl"] (1 = i)
el &
R . LTIy . . 5
— 4z Re VeV + grar| — 2 Vi Re [Vigr + Vrgr) (1 — a3)
m e . 9
+ 2- : xn Re I'if:__r;i + 1’{,-;;”] (I -+ .'rﬁ-;l .
;1111'
. 12 ;12 rn? o o _ Ty - .
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W .
1 - -
i 2;1;:1.-“.5 Re [Vigy — Vrarl -

ER_ - If CPis conserved, the
r —Re (QLJ z)  couplings could be taken as real 22/ 36



W helicity, top polarisation and Wtb

4 oY Ve I
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W' searhes

T b
Heavy gauge boson

models of top-flavor models

Universal Extra Dimensions Malkawi et al, Phys Lett. B 385, 304 (1996)
Datta et al, Phys. Lett B 483, 203 (2000)

Left-Right symmetric models
Pati, Salam, Phys Rev D 10, 275 (1974)

Technicolor models Mohapatra, Pati, Phys Rev. D 11, 566 (1975)

Chivukula et al, Phys Rev D 53, 5258 (1946)

composite models , Little Higgs models 24/ 36
Grand Unification Theory



Search for W' decaying to top quark : W' theory

Effective lagrangian of W' interaction to fermions in model-independent form:

7
9.9 ; ’
L= 2\/7 gwd, yu[ qq.(l_l_YS):I_a—L(l_YS)] w qj—I—H.C.
R L _ | | _
Aygrq - left and right couplings of W' to fermions
Ew—— - Standard Model weak coupling constant
sin (0)
V.,  -Standard Model CKM matrix element

 Different scenarios of W' interaction to fermions:

Left-Handed W' Right-Handed W' Mixed case
(SM-like couplings)

L L _ R __ L R __
Ayq,— 1 aq q; =0 A4q, = 0, A4~ 1 4.4, L, Q4.q, l

MW'>MVR’. MW’<MVR

25/ 36




W' search: W — W' interference

q’ b

Q|
T

e considered three scenarios of W' interaction to fermions:

1) SM + purely left-handed W', 2)purely right-handed W' 3) mixed left-right W’

 Interference of W and W' N pey—
10" e
1S destructive 3 . \

A U Lol )

* squared matrix element of the process:

—9000 1200 1400

Mass t b, GeV
: |
M= ‘ 2+, azbweofww + Wopart

Phys.L ett. B655:245-250,2007



http://arxiv.org/abs/hep-ph/0610080

Search for W ->tb
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l Search for W'
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Search for charged scalar (H+)

19.7 fb (8 TeV)
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Flavor changing neutral currents (FCNC) 1n the
production of top quark

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

SM two-Higgs SUSY
B(t —cg) 5-10 1 10~° 103
B(t—cy) 5-10°" 106 10°°
‘ ; B(t »c¢Z) ~107" 10~° 0"
t d,s.b c,u
Phot.on Gluon mediated f
mediated \? )
t_l/c
u/c cg — tg gg — le
Z mediated SM predictions: ¢, Higgs mediated
g
\Ilf’/c t/ Br(t- Hu)~10",
\\ u/c /7 Br(t- Hc)~107"° we
\\ ./ H
9

- '| .."..
g /t'f\éj i"?’ . Z b
< LA u/e 30/ 36
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Gluon mediated FCNC top quark
production
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a . a
Rteg _

Rtug — 1Y a
—= o —1t G+ h.e.
A ‘ 2 pv

AU J’”‘V?t G+ 9s
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https://arxiv.org/abs/1610.03545

Limits on FCNC top quark decays

ATLAS+CMS Preliminary 95%CL upper imits €<~@ ATLAS <—@ CMS
LHCfopWG [1] arXiv:1805.03483, sub. to PRD [2] JHEP 02 (2017) 079
[3] arXiv:1712.02399, sub. to JHEP [4] JHEP 04 (2016) 035
May 2018 [5] EPJC 76 (2016) 55 [6] JHEP 02 (2017) 028
[7] arXiv:1803.09923, sub. to JHEP [8] CMS-PAS-TOP-17-017
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Single Top in Heavy lon Collisions

Single top simulation:

EPS09|PYQUEN
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Search for Dark Matter production in
association with top quark

Phys.Rev. D98 (2018) no.1, 015012

LsDgs(Xx) S+ 953 (tt) S,

Lp Digp (XV5X) P+%9

t ?72#{: —

Standard Model Ttot [P dark matter signal | oo [fb]
pp — tt 832 [27 pp — tt Y 30
pp — tj (t-channel) 217 (28] pp — 15 XX 26
pp — tW 72 29| pp — tW xx 9
pp — tjp (s-channel) 10 [28] pp — 19 XX 0.01
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Q- qw
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I Summary

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

e Main search directions:

- all possible modifications of top quark interactions

- additional

- additional

| charged vector or scalar bosons

| top quark 1nteractions:

tgu(c), tZu(c), tyu(c)
* With a new LHC data 1t will be possible to test in
details tHq interactions
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