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Why we like the t-quark ?

The top-quark is an extraordinary Standard Model (SM) object

the most heavy SM object, m; =~ 172.5 GeV and |Vy| <1

= top decays before hadronization = there are no “top” hadrons

connection with other generations is very small: | V4| ~ 0.008, |Vis| ~ 0.04

extraordinary accuracy of the theoretical predictions (o, T, Br,...,~ O(1%))

all properties are described within the SM without additional phenomenological parameters
provides the direct information about spin and polarization

the largest Yukawa coupling: y: = v2m;/v =~ 1

0000000

t-quark is an excellent laboratory to search for New Physics

new interactions and particles
new anomalous interactions: tWhb; tHq; tg/v/Z q
new heavy objects R(tt), Q — tX,...
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Top-quark interactions within the Standard Model

The Lagrangian

Yt th
L = —Z_ftH-—gty"t?t G2 — tyH (1 — wr
sM 7 gty : f > P (L=75) g
q=d,s,b
_QietyhtA, — — & gy 7—2Qtsin219w —175 tZ, +h.c.
" 2 cos Yy 2 2 "
Ve = V2 N1, vew & 246 GeV

Vew

Vew - electroweak scale - vacuum expectation value
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Top-quark production processes in the SM

Q QCD t-quarks production

—p—
gg — tt Zﬁi :::g&m< qG = tt >:mn<
-+

Q@ t-quarks production due to electroweak interactions

b
t-channel™” s-channel tW-production
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Top-quark decays within the SM

dominant decay channel t — bW, Wt — q§ v
decay width (neglecting m2/m?)

2
Grm3 M2 M2 2 272
Mot =Me= 2t (1— W) (1422 ) |1 O‘S(if§)
821 m? m? 3r \ 3 2

Gr = 1.16637 x 107° GeV ™2, m; = 172.5GeV, as(m;) = 0.118
= [+ >~1.39GeV > Agcp ~ 200 MeV

t-quark decays before hadronization. There are no “top”-hadrons (tt), (tg), (tqq’)

BR(t — bt (e, u,7)v) ~33%; BR(t — bqq') ~67%

decay probabilities for tt pair
tE — bl_)q C_]/ q// (—’///

~ ~ 462%
tt — bbqq' ¢tv + bbqg t~ 7 ~ 435%
tt — bblt {4~ viu ~ 103%

the final states have two b-jets; 0, 1, 2 “isolated” charged leptons; “missing” energy (neutrino)
and several hadronic jets from light quarks
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Top-quark reconstruction

e two ways for the reconstruction: t — bW (— ¢Tv) and t — bW (— qg’)
reconstruction of the W(m(jj) ~ M), then m(Jp “W') = m(jnjj)

oo e
m(qq) ~ mw S, - m(bqq) ~ Meop

400 4

0

10 10 f50 140 150 160 170 180 160 200 210 220
e [GeV] e [Gev]

e “boosted” t-quark

un-merged

<200 GeV
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Total cross sections production of tt at the LHC

Great progress has been made in describing the production of tt taking into account higher
orders of perturbation theory (NNLO and NNLL). The main theoretical uncertainty comes from
PDF
The cross sections for the production of the pair t t are measured in various final states:

ee, wp, ep, Lty, e/p + jets, all jets

— T T [ T T T [ T T T [ T T T [ T T T [ T T T
Tevatron combined 1.96 TeV (L <8.8 fo')) P
ATLAS combined dilepton, |+jets* 5.02 TeV (L =257 Pb") ATLAS+CMS Preliminary
CMS combined eu, l+jets 5.02 TeV (L = 27.4-302 pb") LHCtop WG June 2023
LHC combined ey 7 TeV (L=51b")  LHClopWG
LHC combined ey 8 TeV (L=201b") LHCtopWG
ATLAS e 13 TeV (L = 140 fb'

CMS en 13 TeV (L= 359 fb)

ATLAS I+jets 13 TeV (L= 139 b

CMS I+jets 13 TeV (L = 137 o)

ATLAS ep* 136 TeV (L= 11 fb™)
CMS dilepton, I+jets 13.6 TeV (L = 1.2 b
1000F 9 4
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NNLO+NNLL, PDF4LHC21 (pp) 73 136
NNLO+NNLL, NNPDF3.0 (pp)

Czakon, Fiedler, Mitov, PRL 110 (2013) 252004

My, = 172.5 GeV, ay(M,) = 0.118 +0.001

Inclusive tf cross section [pb]
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Total cross sections production of tt at the LHC

joint analysis of two experiments (“"LHC Top Physics Working Group):

Vs, TeV | o(pb) (experiment) o(pb) (theory)
7 | 69.5 4+ 6.1(stat) £ 5.6(syst) £ 1.6(/umi) 70 + 10 (scale + PDF+as)
7 | 173 £ 3(stat) & 8(syst) =+ 6(lumi) 177.37% 7 (scale) £ 9 (PDF+as)

8 | 240.6 + 1.4(stat) & 5.7(syst) £ 6.2(Jumi) | 252.97%%(scale) + 11.7 (PDF+as)
13.0 | 836 =4 27(stat) & 81(syst) & 100(/umi) 832.072% (scale) + 35 (PDF+as)

e there are two measurements of the top pair production in pp-collisions at /s = 13.6 TeV
CMS:  JHEP 08, p. 204 (2023), arXiv:2303.10680, L£;,; = 1.21 fb—!
ATLAS: arXiv:2308.09529, L;,; =29 fb—!

ATLAS o(tt) = 850 + 3(stat) + 18(syst) £ 20(lumi) pb
CMS o(tt) = 881 £ 23(stat+syst) + 20(lumi) pb
theory o(tf) = 924732 (scale + PDF + as) pb
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Four-top-quark production

Four top quark production in pp-collisions is among the rarest SM processes currently accessible

at hadron colliders

t t
9 g

t t

_ Z/y _

t t
9 9

t t
The SM cross section is calculated at NLO in QCD and EW theory JHEP 02 (2018) 031,
arXiv:1711.02116 [hep-ph] and arXiv:2212.03259 (2022)

othee” =120+ 2.4fb and =13471% b /s =13 Tev
there two measurements of the four-top-quark production in pp-collisions at /s = 13 TeV

ATLAS: Eur. Phys. J. C 83 (2023) 496, arXiv:2303.15061

Line =140 fb~1, o(tftf) = 22.57% % (stat) "5 syst) pb = 22.578S b
top-quark Yukawa coupling |x:| < 2.2(1.8)

CMS: Phys.Lett.B 847 (2023) 138290, arXiv:2305.13439 [hep- exl
Line =138 b1, o(ttf) = 17.77% 7(stat)+2 Ssyst) pb = 17.474% fb

o(tEW) = 990 =+ 98 fb, o™her = 722 + 74 fb
o(tfZ) = 945 + 81 fb, o' = 859 + 80 fb
top-quark Yukawa coupling |k¢| < 1.7
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pp — pttp and PbPb — tt

o CMS+TOTEM Collaborations, arXiv:2310.11231. Central exclusive production of tf pairs ...

P P

fractional momentum loss of the intact protons ¢ = (|;| — |pol)/|P:|, Bi and po are the
momenta of the incoming and outgoing protons: 0.02 < ¢ < 0.20

pp — pttp : o(tt) < 0.59 pb at 95%, /s =13 TeV
pp — pyyp — ptip @ o(tf)er =0.224+0.05 fb

e CMS Collaboration “Evidence for top quark production in nucleus-nucleus collisions”,
PRL 125 (2020) 22, 222001, arXiv:2006.11110

PbPb — ttX, /syny = 5.02 TeV
o = 2547980 (0¢))y  =2.03T57L (+b) ub

it is compatible with previous CMS result times A(Pb)?

pp — tEX, /s =5.02TeV, o, = 69.5+ 8.43 pb
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Top-quark mass

m; is the fundamental parameter of theory

related to other EW parameters — stringent tests of SM
vacuum stability depends on exact value of m;
important for my,, Br(Bs — pup),

me <= Mlnv(jb " W”(.U))

me <= Min, (Jb MT(ZE’”’”))

me <= MII'IV(JbE ) Mlnv(£+£ )

me <= va(‘e J/w)

m¢ <= o(pp — tt) = f(my)

e & 0 0 0 O OO

S oy wswren e
_ 100 elplectylep + Jets channel 4 3 n e MSTW 2008 NNLO =
ST " :Ea ] 2 350p ATLAS — — sTW 2008 rowL O urcerminey |
(o] o 4 g S \ —— CTIONMO . ]
= B3 1 2 N N CTI0 NNLO un certainty .
e < 13 F —— NNPOF23 ANLO .
T ef 2 1§ 300 S T oz weogresrminy
8 | 1 ] g [ a%ev \\‘ . o F-IT Lasm” v, ]
5 [ 1 @ F e 8 |s=sTer.203m ]
G g R S r — E
F M(Gevf S 2500 Py ]
[ W= (173.53 + 3.04) GeV |
or 7 200
o 8 150~
[ 7 + ] P (|
Py A TN PR I 164 166 TEB 179 172 174 175 173 180 182
0 50 100 150 200 25( pde
My, (GoV) m "~ [GeV]
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t-quark mass

CMS: /s = 13 TeV, five observables: myy, myy,, m¢, mgp/me, Rep,
ATLAS+CMS (15 measurements), /s = 7, 8 TeV

mrop(CMS) = 17137 + 0.37 GeV, arXiv:2302.01967 (2023)
mtop(ATLAS+C|\/|S) = 172.52+0.33 GeV, ATLAS-CONF-2023-066
CMS = Amy = my— mg = —0.15 £ 0.19(stat) £ 0.09(syst)

RPP: R.L. Workmanet al.(Particle Data Group),
Prog. Theor.Exp.Phys.2022, 083C01 (2022) and 2023 update

m¢(RPP) = 172.69 + 0.30 GeV direct measurements
m¢(RPP) = 172.5 + 0.7 GeV from oz
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t-quark mass

ATLAS+CMS Preliminary Vs=7.8 TeV
LHCtopWG total
... LHC combined —t
s Stat uncertain stat
total uncertain
ATLAS

m, =total (=stat =syst)
dilepton 7 TeV 173.79 =1.42 (0.54=1.31)
lepton+jets 7 TeV 172.33 =1.28 (=0.75=1.04)
all-jets 7 TeV —— 175.06 =1.82 (£1.35x1.21)
dilepton 8 TeV 172.99 =0.84 (=0.41=0.74)
lepton+jets 8 TeV 172.08 =0.91 (=0.39=0.82)
all-jets 8 TeV 173.72 =1.15 (20.55x1.02)
combined 172.71=0.48 (20.2520.41)

CcmMs
dilepton 7 TeV
lepton+jets 7 TeV
all-jets 7 TeV
dilepton 8 TeV
lepton+jets 8 TeV
all-jets 8 TeV
single top 8 TeV
Jhp 8 TeV
secondary vertex 8 TeV
combined

LHC combination

172.50 =1.58 (#0.43%1.52)
173.49 =1.06 (=0.43=0.97)
173.49 =1.41 (20.69+1.23)
172.22 +0.95 (#0.18+0.94)
172.35 =0.48 (=0.16=0.45)
172.32 +0.62 (#0.25+0.57)
172.95 =1.20 (x0.77+0.93)
173.50 =3.14 (=3.00=0.94)
173.68 =1.12 (20.20+1.11)
172.52 =0.42 (=0.1420.39)

dilepton 172.30 =0.59 (=0.29=0.51)
lepton—+jets 172.45 =0.36 (=0.17=0.32)
all-jets 172.60 =0.45 (+0.26=0.36)
other 173.53 +0.77 (+0.4320.64)

combined
1 I 1 1 ] 1 I 1 ‘ 1 1 1 1 I 1 1 1 1
165 170 175 180 185
my, [GeV]

[172-52 = 0.33 (20.1420.30)]
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Measurements of the total decay width T,

e conventional methods (peak value in Mj,, (bW)) %;7 ATAS Prl-)limmary‘ E
H 7 Di hannel !
do not provide acceptable accuracy BT E
R 3
8F\ 3
o ATLAS - M2?(j, £%) comparison with §\ E
modeling events for different I'; N A
M =0.1,0.2,0.3,...5.0 GeV,Al = 0.1 GeV NN e
ATLAS Collaboration, ATLAS-CONF-2019-038 I S
i \ / —
e CMS - indirect measurement W 1\‘5‘*2\”‘”:5 S
CMS Collaboration, Phys.Lett. B 736 (2014), 33; F[Gew'
arXiv:1404.2292 [hep-ex] '
r, = fo—pchanne/ rth(t—>bW)
t = B(t—Whb) oth
t—ch
collaboration re®, Gev rsM
ATLAS Me = 1941952 1.39 GeV
CMS Ie = 1.36 & 0.02(stat.) 519 (syst.)
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Measurements of t-quark parameters

Measurements of events with tf-pair production with subsequent decays into different final

states:
dileptons: ee, ep, pp, €+ jets : e + jets, p + jets and ¢ + 7 allow ones to measure decay

probabilities through various channels (Br, %)

channel Br, % | SM | wW* (LEP)
t—bjj | 66.5%0.4 (stat) £1.3 (syst) | 67.51+0.007 | 67.48 +0.28
t—bev | 13.340.4 (stat) £0.5 (syst) | 12.72+£0.01 | 67.48%0.20
t—buv | 134403 (stat) £0.5 (syst) | 12724001 | 12.60+0.18
t—brv | 7.0£03 (stat) 0.5 (syst) | 7.05+£0.01 | 7.240.12

o CMS

pp — tEX, t(F) — (T j,
B(t — bW)
Zq:s,d,s,b B(t —q W)

R= = 1.014 + 0.003(stat) = 0.032(syst)
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Measurements of t-quark parameters

e polarized t-quark transits the information about the spin to the decay products (angular
distributions)
e “at the threshold” pair of tt quarks is produced mainly with identical helicities, and for large

v/ St - with opposite ones
e pp — ttX, t — €TX, T — £~ X: A¢,+,— sensitive to the presence of quark polarization

CMS Preliminary 19.5 " (8 TeV)

ATLAS
Vs=8TeV, 203"

F T T T T T
[ __ W.Bernreuther & Z-G.Si —¥— Data (stat. unc.)

e
3

E—(sMu=m) 777/, Syst. uncertainty

W.Bernreuther & Z.-G.Si
(uncorrelated, u =m) MCENLO partcn Jovel

- Background

[ %, 180 Gev
L

o
=

1/c dofd(Ad,,,1)
o o
g & &
L

0251~

o
I
1

I

PO} IS Y ) T AN I A S A

Data/Simulation

02 04 06 08
Agrad] / = 1Ag,,,|
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Top-quark and Higgs boson
¢ all Higgs boson couplings are evaluated within SM (g, v, me, my/7)
FFH = ye = V2700 y(my = 172.5 GeV) = 0.99, y,(mp = 4.5 GeV) = 0.02
v

o tt-pair and Higgs production provides the direct measurement of y;

9

e Higgs decay channels

channel ‘ H — bb ‘ H—WW/zz ‘ H— gg ‘ H — vy
Br | ~58% | ~24% | ~8% | ~02%

the main contribution to the Higgs inclusive cross section production comes from gluon

annihilation gg — H (loop contribution)
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Higgs boson and t-quark

yt parameter can be measured both in pair and single production of t-quarks
pp — tTHX, pp — tHX, H — bb, WW*, ZZ* 7517 ~~

ke =y /y?M ~ 1.01 £ 0.1

ATLAS Preliminary June 2023
Vs = 13 TeV, 79.9 140 fb™’
Higgs Combination Ikd = 1 in the SM Il =10
Nalure 607(2022)52-59 b= 0.9491]
V= 199 -
¥ " 1.817527, oy, =10
= 1.487023, o, = )
i 0.837928
tTH multilepton
ATLAS-CONF-201 0048 —— o.7eroz SUTH)
[ R V]
H .
e 5207 oOR Ll 0.957373, xg
= ran e 101883, wax, = 10s)
3 = A [e] 1 = 3 4 5

bl

e there were obtained the limits on on the anomalous interaction of the Higgs boson with the
t-quark

L= —%it (cakHee + isakaeys) Yt Xo
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Electroweak t-quark production - “single” top

e The cross section production up to 50% to QCD
There are three processes of the single top production

Ot—chan(t + ) = 218 pb, orw—chan(t +t) = 70 pb, 0s_chan(t +1t) =11 pb

pH =0 w
gm—ﬁ—-{i
YA

b— ATV

e production mechanisms depend on W-boson virtuality

t-kanan S-KaAHa tW -kanan

e cross sections are calculated with NNLO accuracy, in this case, NNLO makes a small
correction (mutual cancellation of QCD and EW)

e calculations can be done in 4F (without taking into account the contribution of the initial
b-quarks) and 5F

T~

b

Vs =13 TeV, 0¢_chan(5Fs) = 134.075% pb, 0r—chan(4Fs) = 127.072% pb

Slabospitsky Sergey 19 / 34



XXXV International Workchop on HEP “From Quarks to Galaxies: Elucidating Dark Sides” 30.11.2023

Electroweak t-quark production
s-channel
ATLAS o = 8.2+ 0.6(stat) T35 (syst) = 8.235 pb, o™ = 10.32%¢%¢ pb
theory (tW) o =71.7 £ 1.8(scale) £+ 3.4(PDF) pb
ATLAS(tW) o = 94+ 109(stat) T2 (syst) + 2(Jumi) pb
CMS(tW) oc=79.2£0. 9(stat)+ o(syst) & 1.2(Jumi) pb

[ ATLAS Preliminary June 2023
- Single top-quark production

 ATLAS+CMS Preliminary November 2020
4= ——— ABM (5 fav) pross s
o <0 LHetopwa

TR
/o

——— HERAPDF 2.0 yee o1 oo s

t-channel
S Rt (Vo s,

NLO QD NS 296 2010} 16, GG 191201517

E| T

NLO+NNLL QCD at m, = 1725 GeV{

MSTW2008 NNLO PDF

= NLOQCD atm = 1725 GeV'
MSTW2008 NLO PDF

nnel
Taranmel 257 SIE00Sl
tchannel 459 paoan zte] 12005
T tchannel 2021 exocrr o s 1;*‘

T tchannel 140 B amuss cone ans 2

L

stat,

1 2
0205 raroeora 2 ATLAS, 459 5" sro s e

Single top-quark cross-section [pb]

01W 203 1" e 01 ot 64 _ 14 . ;
F W32 weeorowions 3 m ATLAS, 20.21b" epic 7 2ot
T s chamel 95% CLIMR 07 b smsscovsaorieJ B OMS(), 1971 28 vy
e zost armicoee 1 12F v ATs 2 werwenes
fremel (900 wupzmomoy v OMS, 359" psomm e ()ismerumuniesacaeto

LI B L B

elaxed assumptions on PDF correlations

5 6 7 8§ 9 10 11 12 18 L e
7 8 9 10 M

5 TeV 12 13@ e
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o cross-section of the electroweak t-quark production ogpy (£X) oc |Vip|?

= |Vip|Ew top = 1.019 & 0.028

ATLAS+CMS Preliminary S June 2023
LHClop WG LAY s
Oyroe. NLO+NNLL MSTW2008nnlo e
PRD 83 (2011) 091503, PRD 82 (2010) 054018, tolal theo
PRD 81 (2010) 054028
0 Oy,.,: Scale ® PDF
Migp = 5 GeV
If Vil = (Mmeas) = (theo)

t-channel:

LHC C b 7+8 Tev'™ i 1.020 =0.040 +0.020

JHEP 050('2“019) s © H = =

CMS 13 TeV' —t—i—1 0.98 £0.07 =0.02

PLB 800 (2019) 135042 (35.9 fb)

ATLAS 13 TeV™* 1.02 +0.03 th

ATLAS-CONF-2023-026 (140 fb) = = (meas @ ED)
w:

LHC C b 7+8 TeV'™ —ti—— 1.020 =0.090 +0.040

JHEP nso(g'ms) baa © = =

ATLAS 13 TeV’ 1.14 +£0.24 =0.04

JHEP 01 (2018) 63 (3.2 fb")

CMS 13 TeV — 1 0.94 +0.07 £0.04

JHEP 10 (2018) 117 (359 1fb")
s-channel:

LHC Comb 8 Tev™ —_ 0.970 +0.150 +0.020

JHEP 05 (2019) 0398 = =
all channels:

LHC Comb 748 TeV" i 1.020 =0.040 +0.020

JHEP 05 (2019);33 © H = =

M lnc\udlng Iog uark mass uncertainty
T B M SR Bl o) 10, cpa o oim) 79
* Preliminary Inc\udl beam enorgy uncertainty
| L | N O PDF4LH 1 0 Phys. G Nucl. Part. F“hvs 49 080501
0.4 0.6 0.8 1 1.2 1.4 1.6 1.8
Ifey Visl

Slabospitsky Sergey 21 / 34

30.11.2023




XXXV International Workchop on HEP “From Quarks to Galaxies: Elucidating Dark Sides” 30.11.2023

Measuring t-quark polarization

e CMS: t-quark polarization in processes single top production: bu — d t (— (1 X)
e distributions over cos ¥}, - between 0% from decay t-quark and light quark
e correlations of the spin states in the production and decay of the t-quark

CMs e+ jets, t+1,19.7 b (8 Tev) CMS j+ jets, Tonly, 19.7 fb™ (8 Tev)

@ T T T e
© I — POWHEG (5FS) + Pythia6 3 % & — POWHEG (5FS) + Pythia 6 E
S o - aMC@NLO (4FS) + Pythia 8 3 8 09F -~ aMC@NLO (4FS) + Pythia8 El
5 g~ COmPHEP + Pythia6 ER-1 08; —— CompHEP + Pythia6 E
B ’ o Unfolded data k| B "E e Unfolded data 3
5 0 T stat. | Total © 07F T stat. | Total 3
X X E ]
5 O o 06F E
S o 3 0.5;— —
0. 04 E

0. 03F E

0. 02F E
0.0 | 0.1 E
G:\uhuhuhuhuhuhuhuhu\u\: O:\uhuhu\\uhuhuhu\u\MH\HF

1 -08-06-04-02 0 02 04 06 08 1 1 -08-06-04-02 0 02 04 06 08 1
Unfolded cos6 Unfolded cos6j
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Top-quarks and W /Z-bosons associated production

vector bosons and t-quark associated production processes:

pp — tE+ Z, ti+ W™, tf++, CDF: o(pp — tfy) s5_, Tey = 18080 fb

are sensitive to physics beyond SM

g Ep
3 ; |
t v
g bQ(7
o(tEV) ATLAS (fb) CMS (fb)
o, (7 TeV) | 2000 & 500(stat) + 700(syst)
a4, (8 TeV) 2400 =+ 200(stat) 4 600(syst)
0177/ (7 TeV) < 700 2807749 (stat) T80 (syst)
O1i7)+ (8 TeV) 1507% (stat) =+ 21(syst) 200 = 90(total)
saw(8TeV) | 3007520 (stat) 78 (syst) | 1707110 total)
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Top-quarks and W /Z-bosons associated production

VS=8TeV | o(SM), fb ATLAS (fb) CMS (fb)
tE+y 1880 + 500
ttZ [ ~* 215+£30 | 176753 (stat) & 24(syst) | 24275
tEW 232 +£32 | 369788 (stat) + 44(syst) | 3827%L,
— 600 IA\‘TLLESI 'P' i LI L L R B
= rel ry * ATLAS Best Fit 4
S —— ATLAS 68% CL 7
k= 500\s=8Tev, 203 = ______ ATLAS 95% CL —
3 I\ELO calculation™ . =
g 400 T Thoary unceraimty ]
g 3

77777 T Carmpene s, Garsentea1
1 | | I
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Search for the New physics beyond the Standard Model

In the top quark sector, New physics may manifest itself in the following

o rare (within the SM) decays of t-quarks;

© deviations in t-quark production cross sections (within the SM framework);

o production of t-quarks due to very rare reactions in the SM;

o decays of t-quarks through channels absent in the SM;

© new particles decaying into final states containing t and/or t-quark and possibly other
particles and resonances

o Numerous SM extensions = various predictions in the t-quark sector with their a specific set
of interaction types and parameters (coupling constants, masses of new objects)
e different scenarios = processes with identical final states

o Effective field theory formalism - effective (phenomenological) Lagrangian Lgr7
gauge-invariant with respect to to calibration group SM

Lerr = Loy + kathgOWepe + %L/_)qé(ﬁ)wt +---

e Experimental results are presented in the form restrictions
o K/N - values of anomalous constants interaction
¢ in the form of limits on probability rare decays of the t-quark
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Anomalous gtt and tWhb interactions

e gtt: deviations from the SM can manifest themselves in energy and angle distributions
phenomenological Lagrangian (with anomalous chromomagnetic moment):

Loff = Lsp — %d}a’“’thjy experiment = —0.50 < Re(ji¢) < 0.070(95%CL)

e tWh : effective interaction Lagrangian

Lerr = 75 H(RGPL+ R PR)EW, FPL+ ffPR)EW,,, + h.c.

\/5
where W, = 0, W,, — 0, W,,~, within SM one has: f& = Vip: f\'f = f% = f{f =0

|fR| < 0.16, |fE| < 0.057, |FF| < 0.048 at 95% CL

Slabospitsky Sergey 26 / 34



30.11.2023

XXXV International Workchop on HEP “From Quarks to Galaxies: Elucidating Dark Sides’

Flavor changing neutral currents — FCNC: tVq

FCNC interactions tVq, V = g, v, Z, H strongly suppressed within SM
SUSY “exotic” quarks

SM two-Higgs
BR(t — qg) | 5x 101 ~ 1075 ~ 1073 ~5x107*
BR(t — qv) | 5x 10~ 1 ~ 1077 ~ 1073 ~ 1073
BR(t - qZ) | ~ 10713 ~107% | ~107* 5x ~ 1072
SM SUSY | MSSM | 2HDM
BR(t — Hc) | 3x 10715 | 1076 10~° 10—3
2x107Y | 1079 | 8x10~% | 10~*

BR(t — Hu)

model independent analysis. The phenomenological Lagrangian

L = —e ta‘“’ 2+ ih) A —to‘“’ 2(f8 + ih8
FCne = q;c (fg 975)dALL — &s q;c A (1S £75)qG;,

Z
g Kq v(EZ | Z
_— % fZ _h _ tohY (f, h Zuy
2COSGW > RGEV(] — hgs)aZu — 2 cosby q:zujc At (B + ihgs)aZ,

q=u,c
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FCNC tgq, tvq, tZq, tHq
e two scenarios for searching (FCNC/SM « 1)
o tt-pair production with the subsequent FCNC decay

pp— tt : t—qg, t—qy, t—q”Z
o t-quark production due to FCNC with subsequent SM decay

gu(c) = tiuu — tt; cg = tg;qg — tvy/Z,..t - bW

ufeg = ty/Z
t b g . ;
g H g { 2 ufe
e g /2 v/Z
cq—1q cg —+1tg
o tHq : t =+ Hu/c — Higgs + FCNC
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Summary for FCNCt — q H/g/v/Z

the best constraints on anomalous FCNC interactions in the t-quark sector

B (95% CL) I

30.11.2023

B (95% CL)

channel ATLAS CMS mode ATLAS CMS
t— Hu | 6.9 x107* 1.9x107* || t = Hc | 9.4x10~* 7.3x 1074
t—gu | 4.0x10°° 20x1075 || t > gc | 20.0 x 107> 41 x 10~
t— yu 0.95x 1075 || t = ~c 1.51 x 10~°
t— Zu | 6.2x107° 2x107°% || t = Zc | 12x107° 44 x 10~

Lepton-flavor violation (CMS arXiv:22060159)

t — e 1T q due to vector (V), scalar (S) tensor (

T) interactions

B (95% CL)

channel A\ S T
t—efpuFu | 1.3x1077 | 07x10~7 | 25x 107
t—efuFec | 13.1x1077 | 89x10~7 | 259 x 107
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Charged Higgs H* and rare processes with t-quarks

e interaction Lagrangian of the charged Higgs H¥ (MSSM)

g

= ———H"{V,qt(my cot P, + mg tan BPR)d + T(tan BmPr)C}, Pr/g=1/2(1F~°)
V2My

e two regions of the charged Higgs mass

my+ =80 —160GeV : t — HY b mys >180GeV : pp— THY b

. ™ g
00000000001
H ,<<
T

e charged Higgs is excluded in the regions:

tan 8 < O(1) my < 180 GeV and my > 180 GeV
tanf >1 mp (90 < 2000) GeV
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Search for heavy particles decaying into t-quarks
o CMS: arXiv:2310.19893

new heavy charged vector boson W’ — tb, /s = 13 TeV, L, = 138 fb~!
Multiple hypotheses are considered for the new particle mass, width, and chirality

r(W’)/M(W’) | right-handed | left-handed
1% < 4.3 TeV < 3.9 TeV
10% < 2.7 TeV < 2.5 TeV
e SUSY predicts a large number of new reactions with t quarks with presence of large “lost”
energy carried away by the new neutral particle. For example, single t-quark production with a
large “lost” energy (“mono-top”) = search for “dark matter”
FCNC

Heavy scalar

o “vector’ T-quarks: T — tZ. SUSY = (f — tx9, spin(f) = 0), constraint:
me < Mstop < 195 GeV
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Top-quark physics at future hadronic colliders

10°

o [pb]

10*

10°

102

10
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collider Vs, TeV | £,em™2. ¢ JL, ab—1 < p>
LHC 7-13 ~ 103 0.3 10-40

HL-LHC 14 10%® 3 140-200
HE-LHC 27 2.5 x 10%® 12 800
FCC-hh 100 3 x 10%® 30 500-1000

?

F tt

E

= t-channel

C tW-channel

E

E s-channel

- 4 ATLAS-CONF-2014-052, CMS:PAS-TOP-14-009

= ¥ ATLAS-CONF-2013-098, CMS'PAS-TOP-12-002

E A ATLAS, PLB 761 (2016) 136

F B ATLAS-CONF-2014-053, CMS-PAS-TOP-14-016

B ® ATLAS-CONF-2012-134, CMS;PAS-TOP-12-003

13 14

27 100
Vs [Tev]
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Summary of the top-quark properties (RPP)

R.L. Workmanet al.(Particle Data Group), Prog.Theor.Exp.Phys. 2022, 083C01 and 2023

my = 172.69 + 0.30 GeV direct measurements
my = 1725+ 0.7 GeV from oz
my — mz = 0.15 + 0.20 GeV
Mot = 1.427019 Gev

—0.15
r(Wb)/T(Wq(q = b,s,d)) = 0.957 +0.034
t-quark decay modes (Br =T/t and CL - confidence level)

decay mode Br CL
eveb (11.10 £ 0.30)%
v b (11.40 £ 0.20)%
Turb (10.7 £ 0.5)%
qgb (66.5 +1.4)%
vq(q = u,c) <1.8x10~* 95%
Zq(q = u,c) <5x1074 95%
Hu(c) <1.9(7.3) x 107*  95%
ttqq' (g =d,s,b; ¢ = u,c) <1.6x1073 95%
efuFe <8.9x10°7
efuFu <7x10°8
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Thank you very much !
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