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What you probably heard countless times...

o the top quark is the heaviest quark: "almost the mass of a gold atom”

< actually... mass between tungsten and rhenium nowadays ;)

o "it plays a special role in the standard model”

— | will discuss today why it is special

o "the LHC is a top quark factory”

< this very much depends on the production process!
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hat is matter made of ?

Fermions
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The first generation of fermions
Fermions
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The second generatio fermions
Fermions
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The third generation of fermions
Fermions
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o is based on relativistic quantum field theory
o the three fundamental forces are described by gauge groups
Lagrange density: L=T — V
. J
( . . i )
L needs to be invariant under local gauge transformations:
B(x) = P CI(x)
Ap = Ap — Oux
. J
. . . \
o If fermions and bosons have non-zero masses: breaks local gauge invariance
o Where do the masses come from?
< need the Higgs mechanism
. J
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Higgs mechanism

Introduce doublet of complex, scalar fields ¢:

¢:i( $1+ig2 )
V2 \ ¢3+iga

Lagrange density:
L=T=V=(Du0)(D"6) — 126" — A6 6)?

u? > 0: symmetric potential
— ground state (vacuum) at ¢ =0

< non-zero masses still not allowed
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Higgs mechanism

Introduce doublet of complex, scalar fields ¢:

¢:i( $1+ig2 )
V2 \ ¢3+iga

Lagrange density:
L=T=V=(Du0)(D"6) — 126" — A6 6)?

2
w0 V() 12 < 0: non-vanishing

vacuum-expectation value: v =/ — &

< non-trivial vacuum

6/ 43 — The top quark is still going strong! — Andrea Knue



Higgs mechanism

Introduce doublet of complex, scalar fields ¢:
6= 1 ( o1+ id2 )
V2 \ 93+ ida
Lagrange density:
L=T-V=(Dug)' (D) — 11?676 — M ¢)?

\ >0 V() 12 < 0: non-vanishing i
Py

< non-trivial vacuum

In the unitary gauge:

I A *= 75 ( v+ )
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< spontaneous breaking of symmetry: mass!
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Mass terms in the Lagrangian

Gauge boson masses:

1
‘CGauge = Ma/ WJ W+‘u + EM%ZHZH + ...

Higgs self-coupling and mass term:

1 A
Lhiggs = E(HMH)(‘?HH _ AVH? — ZH4

Fermion-Higgs coupling (Yukawa coupling):

Yiv

Lyukawa = — == 77H
Yuk fil”/’ ﬁﬂﬂﬁ
~~

f H
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Fermion coupling to the Higgs boson
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Fermion coupling to the Higgs boson
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Fermion coupling to the Higgs boson

Heaviest particle,
largest coupling!
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Fermion coupling to the Higgs boson

Heaviest particle,
largest coupling!
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Fermion coupling to the Higgs boson

Heaviest particle,
largest coupling!

& -

Fermion masses: free parameters, need to be measured!
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Since when do we know about the top quark?

[ Fermions ][ Bosons

L. I IIL

@ only knew these particles when the top-quark was postulated in 1977

o after b-quark discovery: expect to find the top-quark also soon
o but: due to the large mass: discovery only in 1995

o decays before hadron formation or spin-decorrelation can take place

<> can obtain properties from the top-quark decay products

o plays key role in multitude of research areas: What do we know today?
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[ Lets start with the top-quark production! ]
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The Large Hadron Collider at CERN

SPS

450 GeV

' 1959 628m
) 26 GeV.
1978 33m

LINACZ

50 MeV

o particles accelerated to almost the speed of light, ran with different energies

o focus in the following on proton-proton collisions
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o LHC: 27 km circumference, collisions every 25 or 50 nanoseconds
o = 10 proton-proton collisions for 8 TeV collision energy

o =~ 10'® proton-proton collisions for 13 TeV collision energy
Andrea Knue
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The ATLAS Detector

@ general purpose detector

@ almost full solid angle

@ onion-shell structure

25m

Tile calorimeters
LAr hadronic end-cap and
. forward calorimeters
Pixel detector

LAr eleciromagnetic calorimeters

Toroid magnets

Muon chambers Solenoid magnet | Transition radiation fracker

‘Semiconductor tracker

@ use direction, charge, energy, momentum

< identify particle type

@ need electrons, muons, taus, jets, photons
for measurements discussed today
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How and how often does the LHC produce top quarks?

One LHC experiment, 13 TeV, 139 fb—! data in
| Process | Cross-section [pb] | Events before selection |
tt 832 115,648,000
t channel 217 30,163,000
tW-channel 71.7 9,966,300
s-channel 10.32 1,434,480
tt+ 7 0.88 122,320
tt+ W 0.60 83,400
tt+ v 0.77 107,030
tt+ H 0.51 70,890
tttt 0.012 1,668

o Can produce tops via the strong and the electroweak interaction

— Different final states give access to different properties
o But: do we actually have access to these very rare processes?

o Have plethora of measurements, focus on the latest results today
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How can we identify Top-Quark pairs?

Top-Quark Decay:

o BR(t - Wh) =~ 1 @ signature: two jets, 17,17 vy, 5

o final state defined by W decay @ pro: clean signal

@ con: kinematically underconstrained

all hadronic:

@ signature: six jets

@ W decays to v, or qg’

- b-jet identification crucial!

T @ pro: largest branching ratio

@ con: large multijet background

muon+jets
tautjets

lepton+-jets:

@ signature: four jets, 1,1,

electrontjets

@ pro: good signal/background ratio

tautjets
muon+jets
electron+jets

@ con: large jet/modelling uncertainties
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Inclusive tt cross-section

ATLAS
Preliminary
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o precicsion at y/s = 13 TeV: below 2.5% for single result

o new results at /s =5 TeV: already below 8%
< strongly dominated by statistical uncertainties
< excellent agreement with the NNLO+NNLL prediction

o LHCb measurement: relative uncertainty of 20%
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https://cds.cern.ch/record/2754223
http://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-20-004/index.html

Test the Standard Model in different parts of the phase space:

@ new physics might manifest itself only in some corners of the phase space

Q allows to compare different MC generators and use for tuning

Measure kinematic distributions of the event as well as the top and tt system in
resolved (low top pt) and boosted (high top pt) events.

Low top pt High top py

Perform unfolding: remove detector effects! Two options shown here:

o parton level: after radiation, before decay — compare to fixed order calculations
o particle level: select events in fiducial phase space, use particles with 7 > 30 ps

< can only show a subset of results here
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Prediction

Do we still have a disagreement of the top pt with data?

dpy
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< multi-differential: disagreement is largest for events without additional radiation!
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2019-23/
http://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-20-001/index.html

\RWH Central exclusive prod of top-quark pairs (¥ cvs-pas-Top-21.007

Small-angle scattering of protons:

@ both protons still intact, can exchange for example photons

o allows production of tt pairs: pp — pttp “LLL
_ [y P —
o tt decay products in central detector, tag forward protons

o cross-section very small: O(0.1fb)

o |
P2 v

Precision-Proton Spectrometer (PPS): measure fractional momentum loss of protons &1 2:

CMS central detector Roman Pots
LHC sector 56

TAS Diewexw
g = Jooges .

TEE L ST —

|||| 203827 M

212.55m"

215.078 m

15.71m

(not to scale)
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-21-007/index.html

Central exclusive pr

. i - . 0.08 ————————————
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— related to proton-momentum loss: 005[- ¢ 4jets channel [afterkin.fit |
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1. &
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o binned nuisance-parameter fit to BDT output

o observed (expected) limit: 0.59 (1.14t%)"26) pb @ 95% CL

o first result in this production process!

fJuncertainty
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-21-007/index.html

Top quark couplings:

The top quark likes every particle!
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What do we know about the electroweak couplings?

Vs = 13 TeV, September 2021
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What do we know about the electroweak couplings?

tt + W production:
o relative uncertainty of 22%

» Phys. Rev. D 99, 072009 (2019)

o dominated by statistical and
signal modelling uncertainties

o significance for SM process: 5.3
standard deviations (observed) by
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https://arxiv.org/abs/1901.03584
http://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-17-005/index.html

What do we know about the electroweak couplings?

tt 4+ Z production:
o relative uncertainty of 8.2%
o dominated by statistical and
lepton identification uncertainties

o differential measurements with full

13 TeV dataset also available:
» Eur. Phys. J. C 81 (2021) 737
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http://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-18-009/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2018-08/

What do we know about the electroweak couplings?

tt + ~ production:

Pred. / Obs.

o relative uncertainty of 3.9%

» arXiv:2201.07301

< new result (dilepton)!

o dominated by statistical, lepton
efficiency and luminosity unc.

o differential cross-section largely in
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http://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-21-004/index.html

Weak production of the top-quark: the tZq process

o observed both by ATLAS and CMS

o purely EW production of top, top is strongly polarised
< can measure the spin-asymmetry

o can also measure ratio R for top/antitop production

ATLAS result: ©*JHEP 07 (2020) 124 CMS result: > JHEP02/(2022) 107" NIV
LI cMs 138 fo! (13 TeV)
H (5=13Tev, 139 16" T T T T T \. T T
& —Zsjets .
¢ Vi e Th
s —ggthv;z 1Zq (inclusive) ,._+ Ll ]
% Uty |+ Total unc.
tZa (1)
- i
LT R —
A&
| ~
E L L L 1 L 1 L L
0 02 04 06 08 1 12 14 16 18
O Observed / Predicted
o good agreement with prediction o good agreement with prediction
< rel. uncertainty: 15% <> rel. uncertainty: 12% !
o dominated by statistical uncertainty o already first differential measurement
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2018-01/
http://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-18-008/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2018-01/
http://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-20-010/index.html

Top polarisation measurement at 13 TeV > axiva221138

o in QCD: parity conserved, ~ no polarisation of top quark in tt events

o weak interaction: V — A vertex structure: expect significant polarisation in single top!

In top reference frame: define three orthogonal directions: o octant Varlable Q:
2" direction of spectator quark i
f//: orthogonal to production plane  *

< slice phase space into eight quadrants

%'+ lies in the production plane

N < separately for leptons with neg./pos. charge.
¥
. o . N
v o extract: signal/bkg normalisation, 6 polarisation values
N
b »<
———— —
ATLAS  Data [@t-channel
(s=13TeV, 139 fb" I, W, s-ch [HWrjets
Signal Region [DZ+jets, W Wothers
V'S top antiquark WMultiiet Uncertainty
qr Post-Fit
8
< D7 7
Kl b b 1
g
o 0 1 2 3 4 5 6 7
Q.
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2018-10/

Top polarisation: results and interpretation (»axiv220211382

P, 1.5 = : =
L ATLAS 1 Parameter Extracted value (stat.)
| Vs=13 TeV, 139 fb" 4 t-channel norm.  +1.045 +0.022  (+0.006)
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.5 - -0.5 0 0.5 1 1.5 [ e CR ]
05 15=13TeV, 1301 g0 o ]
P, [ * SM prediction |
o measure strong polarisation in z-direction o- ]
— limited by jet-energy resolution uncertainty i 1
< in agreement with NLO+PS prediction -0.5- -
o also unfolded angular distributions i 1
] 1 Il Il 1 Il
— allows to set limits on EFT operators -1 -05 0 05 1 15 R 2
W
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2018-10/

\RWH First observation of the tq~y process (* AttasconF2022.013

q q

o scrutinize the top-photon interaction further
© rare process: Oigy = 406f%52 pb
o identify forward jet and leptonic top decay

o employ data-driven methods to model
fake-photon backgrounds

£ 2400FF T T T T
ATLAS Preliminary @ Data Huay
Vs=13Tev, 139" [t ~Ivby)q [Ty
21fj SR Wwy+jets [lzy+jets
Post-Fit We -y  EOther prompt y
[@h -y [Drakeleptons
77 Uncertainty

o need NN to distinguish signal from large background processes
@ main systematic uncertainty: tty modelling
o observed (expected) significance: 9.1 (6.7) standard deviations

o fiducial parton (particle)-level cross-sections:

A rlhtdthtg o

01 02 03 04 05 06 07 08 09 1
NN,

< consistent with SM expectation within 2.5 (1.9) ¢

— CMS result: p=1.421+0.43

Data / Pred.

lour
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-013/
https://arxiv.org/abs/1808.02913

Why do we care about the top-quark mass and Yukawa coupling?

D. Buttazzo et al: arXiv:1307.3536

0.10 . _ lusuaton of effctive Higgs Potental__ Eler, Schott: arXiv:1902.05142
2o bands i % [ —— stable Vacuum
008 ands in F—
M, =173.1 £ 0.6 GeV (gray) ~ [ Metastable Vacuum
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~ 006 M, = 1257 + 0.3 GeV (blue) O L e &g, Standard Model
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&
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Why do we care about the top-quark mass and Yukawa coupling
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D. Buttazzo et al: arXiv:1307.3536

. _ lusuaton of effctive Higgs Potental__ Eler, Schott: arXiv:1902.05142
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negative: vacuum not stable!
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at mass values would lead to meta- or instability?

Meta-stability
Meta-stahility

pole

t

122 124 126 128

pole _pale
I my,

— previous mass values: are in meta-stable region, but close to the stable region
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But: What mass do we measure?

o direct reconstruction mgop measurements:

< measured mé‘gg depends on renormalization scheme of MC generator

© myop from cross-section measurements: closer to pole mass

pole

MC
5 and e.g. myo” (and other mass schemes)

to
—» still subject of lively discussion

o difference between m

ATLAS+CMS Preliminary My, summary, ¥s = 7-13 TeV  September 2021
a
ATLAS+CMS Preliminary Mo fTOM Cross-section measurements .
LHCIOpWG December 2021 =+ World comb. (Mar 2014) 2] total stat
-
omostses el
total stat i 10 s+ st £ heo) total uncertainty [
oiff) inclusive, NNLO+NNLL LHC comb. (Sep 2013) Liciopw 173.29 + 095035 + 0.88)
ATLAS, 7+8 TeV —— 1729 B World comb. (Mar 2014) 173.34 £ 076036 £ 0.67)
e . ATLAS, I+jels 17233+ 1.27 075+ 1.02)
CMS, 748 TeV — 1738 . @ ATLAS, diepton 17379 4 1.41 054 £ 1.30)
CMS, 13 TeV —— 1699 37 (01515 72) ATLAS, alljets 514180145 12)
ATLAS, 13 TeV 7 2 . ATLAS, single top 122221 07+20) Tev [5)
> ATLAS, dilepton i toss0ezon) o1
oltiet]) ditfere 23 an ATLAS, alljets 9R2E115055100 6oV ()
ATLAS, 7 TeV Hee—i 1737 37 (15£1.4 39) ATLAS. lsjets. 172082091 (0392 082)
CMS, 8 TeV 1699 57 (11 57 F9) o ATLAS comb. (Oct 2018) 17269 +0.48 (025 +0.41)
ATLAS, 8 TeV. 1711 92 (04408 %) ATLAS, leptonic invariant mass (‘) 174482078 0404067 1atev o]
= — CMS, I+jots. 17349 1.06 (043 £097) 7oV (10]
o(tf) n-differential, NLO CMS, dilepton 17250 £ 1.52 (043 1.46) 7Tov (1]
ATLAS, n=1,8 TeV. M 1732:16(09:08%12) @ CMS, all jets 173494141 (0,69 £ 123) 7Tev (121
CMS, n=3, 13 TeV. — 1705 0.8 9] CMS, I+jets. 172.35 £ 0.51 (0.16 + 0.48) 8Tev [13]
CMS, dispion mmiimEesD e
s from top quark decay e . CMS, alljets 17202£064(0252059) B Tov (13
+8 TeV comb. [10] — CMS, single top 17286 £122 (077 £0.96) 8Tov (14
seTecond. 11 i ; i ) CMS comb, (Sep 2015) T4 0g OIS0 e 1]
T T T T T CMS, l+jets. 172250563 (0,08 £ 0.62)
1 165 170 '[é‘r;v‘ 180 185 190 M, dilepton 17233 £070 0.14 £ 0.69)
M CMS, all jets. 172.34 +0.73 020 £ 0.70)
[cMs-singe 155 17215077 03070
* Preliminary
Today: discuss the single-top result! L.

P BRI IR i e
165 170 175 180
Mygp [GeV]
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Measurement of mygp in t-channel single-top events ©»hep 12 (2021) 161

359107 (13 TeV)

107
3 cMs + Data
o t-channel events: allow to measure myop at lower energy scale e ®FF T .o ]
2 [, tW, sch.
. . - 5 WV + jets, W
o different systematics than tt events, but large af,?tal at 8 TeV & Jacd
top © ) Stat @ syst
o challenge: large contamination from tt and V+jets events =
< train BDT, cut on BDT output to get enriched sample g|u»<3
E e;[«bunu.uu.ou."-‘.....‘01
100 150 200 250 300 350 400
m, (GeV)
— r . . 3590 (13 TeV 3591 (13 TeV) e 35.91b" (13 TeV)
g osp cMs —— Stat + prof 1 g cms g, § ; CMs 4 Data (QCD subtr.)
S| — Mass calibration o [T — gy a 2 . W
-§ w — Signal purity g 4 ., sch 4
é WV + jets, v
optimise cut obtain strongly
based on stat. signal-enriched o
1 . uncertainty L L sample

L L i
0.7 0.75 08 0.85
BDT selection threshold

BDT selection threshold

sults from profile-likelihood fit:

Mmeop = 172.137978

GeV  and

Amgop = 0.837170

—1.35

< first sub-percent top mass measurement in single top final states!
< mass difference compatible with CPT invariance
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https://arxiv.org/abs/2108.10407

Measurement of the energy asym y in boosted tt+

o measured Cu as function of rapidity at the LHC
< appears in tt events at NLO
o energy asymmetry in tt+jets events: already at tree level!

— also have more gg than gg production

o very sensitive to EFT four-fermion operators

o°PY(;|AE > 0) — o°P(§;|AE < 0) Y ‘
Ac(8)) = STOOOTTOTT00
oOPt(0;|AE > 0) + o°PY(6;|AE < 0)
— with AE = E; — E;
— 0; is the angle between the jet and the positive z-axis — 4 : : ‘
S [ATLAS S MadGraph5_aMC@NLO
= b {s=13 TeV, 139 fb! —4— Data (stat only)
= 2r <-4+ Data (stat + syst) ]

Results:
In second bin: Ag = —0.043 4+ 0.020
< good agreement with the SM

-2
4t
-5

— dominated by statistical uncertainty

< important new variable in EFT fit 0 4 2 b
0, [rad]
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https://arxiv.org/abs/2110.05453

y is this process interesti

A
. o very rare process: o7 = 12.0 + 2.4 fb
— ————
B — for each tttt event we get 69,333 tf events!
——t . . .
1 @ in case of new physics: cross-section could be much larger:
000000 tH—<e——¢ — gluino pair production, scalar gluon pair production, etc
o also sensitive to the top-Higgs Yukawa coupling!
ATLAS+CMS Preliminary Run 2,¥s = 13 TeV, March 2022
LHClopWG
hat can we learn about such a rare process? o 202 e
— ) s oz oot ot stat
o large backgrounds from tt+heavy flavour production NeO QCD-EW
ot st tost O, Ex5) S
o need to rely heavily on machine learning e T TR
< use for event reconstruction and final discriminant TS ILRLOS 19T L L see b 19(10
o CMS: expected and observed significance: close to 3o fiEadeieiiald r— uEde a7ees
. . e . CMS, 2LSS/3L, 137 " 12651 267
o ATLAS: combined observed significance: 4.7 o: evidence! | mcteo i B Ak @ns
< limited by signal and background modelling OO 0"k 0004
» JHEP 11 (2019) 082 » JHEP 11 (2021) 118 I N B R
oy 0]
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http://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-17-019/index.html
http://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-18-003/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2020-10/

[ Searches for new physics processes ]
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o Standard Model CP violation in tt events is small: search sensitive to BSM physics

o allows to constrain chromo-electric dipole moment (as does spin-correlation)

@ construct 4 observables O;: triple product of momentum vectors

o fit all O; distributions, then extract asymmetry:

A'cp [%]
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Acp(0;)

. Nev(Oj > 0) — Nev (O; < 0)

CMs

0.5

=)

B Nev(O;j > 0) + Nev (O; < 0)

138 b (13 TeV)

1

@

A'p in e+jets

et rae

———
]
>
——
——
—.—
——
——
——
——
—.—
—.—

/1, > 4 jets (2 b jets)

B Ay inpets

A'gp in lepton+jets * A'p in lepton+jets (8 TeV)

L

— The top quark is

CMs

Events / 0.04 GeV

138 fb” (13 TeV)

1e,24jets (2bjets)

{ pata [t (epton-ets)

[ wsjers v
Pov  —de=x3

05
[l itepton-iets)

. Single t

U Stat ® Syst

Syst

BSM/SM Data/ MC

-0.8 -06 -0.4 -02 0 02 04 06 08 1

0,/ m’ [GeV]

- No sign for CPV effects in tf events so far

strong!
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http://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-20-005/index.html

Search for charged-lepton flavour violation (»axiv220107850 (> ATLAS-CONF-2018-044

o lepton flavour conservation in SM: “accidental” global symmetry
o have observed that neutrino flavours are not conserved
o many BSM theories predict CLFV: MSSM, lepto-quark, etc

CMS: use tf and single top events
o separate signal and bkg with BDT, fit BDT output, set limits

o no sign for CLFV: achieved strongest limits to date

CMS 138 fb' (13 TeV)
¢ 45 T IARARLARSARRRARS RRRRS:
s 4 95% CL excluded region
£ - ] x
10° s osys. =35 CLFV  Obs Exp £1o . : : : : ‘ ‘
oeves " 3 Ea ol H ATLAS Proliminary Data  [JNon-prompt
“ 3 3 Scalar —— @ 5=13Tev, 791" W2 Mz
) T _ oL Signalregion Wothers 7 Uncerainy |
o Z25 ensor it —Signal -~ Signal veto
o =
L 2 ok ]

Precfit

Data/Pred. Data/Pred.

S
K 06 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45
o %

BDT discriminant B(t— epu) x 10° ,

% s
ATLAS: R P “hl{
_ . I ddbiaas

o based on tt events, also BDT discriminant in fit to data e et e o ez 0t 09

BOT discriminant
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http://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-19-006/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2018-044/

Test of lepton flavour universality (> ATtAS News!

Have seen: Higgs boson couples differently to different fermions: strongest for top

Is this also true for other boson couplings?

In SM: lepton coupling to W /Z bosons: not mass dependent
— lepton flavour universality, no fundamental physics reason!

What do we want to measure and why?

Measure ratio of W boson decays into muons/taus: R(u/7)

< previous measurement by LEP: 1.070 4 0.026 (2.7 o deviation from SM)

< fluctuation or new physics effect?

What does this have to do with tt events?

BR(t — Wb) ~ 100%: easy to select, large statistics, gives us two W bosons
W — pwy,: larger lepton pr, low impact parameter dp (close to interaction vertex)

W — Tv; — pvuvrvr: lower lepton pr, larger dp (decays 2mm from interaction vertex)

36/ 43 — The top quark is still going strong! — Andrea Knue


https://atlas.cern/updates/briefing/addressing-long-standing-tension-standard-model
https://arxiv.org/abs/1302.3415

What did we measure? (» Nature Physics vol 17, 813-818 (2021)

Fit impact parameter distribution (left): measure for displacement of muon vertex

< prompt muons have low impact parameter, muons from tau decays have high values

£
E ATLAS ¢ Data
2 Vs =13TeV, 139fb”"  [JPrompt p (top) . . . . . . -
b Signal Region Wt > u(top) f f ! ! ! ! !
H e-u, 20<p:<250 GeV [Ju (hadron decay) ATLAS —a— LEP (Phys.Rept. 532 119)
& Post-Fit Wz | ATLAS - this result
[ Other SM processes Vs =13 TeV, 139 fo Statistical Uncertainty
Uncertainty ; [ Systematic Uncertainty
H —e— Total Uncertainty
——
Bl . S |
et .
%05’2 | IR I I IS s o P I e | 11wllwliA.l\lll\:llelll“wl
& 70 005 01 015 02 025 03 0.35 04 045 05 0.98 1 102 1.04 1.06 1.08 1.1
il fmm R(t/p)=B(W—1v)/ B(W—uv)

Result from ATLAS: compatible with the SM, and most precise result up to date

< Here a nice by two of the physicists who performed the measurement!
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https://arxiv.org/abs/2007.14040
https://www.youtube.com/watch?v=JvHXn5xRH4I

Searches for flavour-changing neutral currents (FC

o FCNC in the Standard Model: forbidden at tree-level
< strongly suppressed in loops by GIM mechanism: BR ~ 10~1%> — 1012

o but: many new physics models allow for FCNCs: MSSM, 2HDM, composite Higgs...
< much larger branching ratios possible: in reach for the LHC!

o in top physics: can occur in many production/decay channels:

w
ulc z
ulc . b
8 w
u(c) e'(w)
g t
w*
1 vV u (o) H o~ v {@1
g b YZ%VVL Y
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m results for flavour-changing ne

Events /0.5

Data / Bk

ufe
10° e
oa tuy LH (10ximiy
5=13TeV, 139" @ Wysiets Moy fakes
1%k SR Wzroies Dhoyiakes o
PostFit Wiy Woterprompt 7
Uncertainty

NN discriminant

al currents (FCNC

» arXivi2205.02537

LHCtopWG

March 2022

Each limit assumes that

ATLAS+CMS Preliminary 95%CL upper imits <@ ATLAS <@ CMS

(1] JHEP 05 (2019) 123
3] ATLAS-CONF-2022-003 (LH)
(5] arXiv:2112.01302 (LH)

(7] ATLAS-CONF-2021-049 (LH)
(8] JHEP 07 (2017) 003

t—Hc
t—Hu
t—yec
toyu
t—gc
t-gu
t-Zc

t=2Zu

Y pr
from arXiv:1311.2028

[CIMSSM CIRPV
S —

[2) arXiv:2111.02219
[4]JHEP 04 (2016) 035
[6]JHEP 02 (2017) 028
(8] CMS-PAS-TOP-17-017

2HDM(FV) CJ2HDM(FC)
BRs

0]

o reaching now branching-ratios that are possible in BSM scenarios

Branching ratio

o analyses strongly benefit from larger dataset, also strongly rely on BDTs/NNs

o for tgg FCNC: ATLAS recently improved limits by factor 2 compared to 8 TeV:
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https://arxiv.org/abs/2205.02537
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2018-06/

do we know now?

10° 10! 10? 10°
Mass [MeV]
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How much do we know about the Yukawa coupling?

- direct measurement of y; possible in ttH production
- combine results from H — bb, vy and multilepton channels: observation!
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m. m,
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— The top quark is still going strong! —

— good agreement
with expectation!
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How much do we know now?

Meta-stability

pole
t

122 124 126 128
TH;;UI(‘

— The top quark

strong! —
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Meta-stability Latest

L~ combinations

pole

t

122 124 126 128

pole
my,

= Does this mean the universe is metastable? No, but no need to worry even if it was!
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The top quark has come a long way since 1977:

Back then: missing quark, assumed to be similar to other quarks

¥

Today: we know that top quark is special!

Live in precision era, top quark is key to an abundance of different research areas

7

Look to the future:

@ Reduce systematic uncertainties
Q Look at rare processes finally accessible

@ Test BSM theories, also in the EFT framework
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