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Why Top Quarks?

Heaviest known particle, only “bare” quark

- High statistics allows both precision measurement
and search for new physics.

- ft complex final state — but not too complex —
fostering:

- Theoretical and experimental advancements

- Fine details not yet completely understood: NNLO
calculations still rather new / not matched to PS,

ftAW/WDbWDb interference effects, ...

See, e.g., M Grazzini’s Plenary Talk




LHC and ATLAS

~150 fb-1 at \/s = 13 TeV collected in Run 2
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Focus today:

Production cross-section(s)

[ |
I I n Differential measurements
Single top

Associated production

Resonant production (Z’, gkk)
e a rc e S Vector-Like Quarks (VLQ)

Other topics covered in various talks
e.g., ATLAS+CMS results, Robert Vallance




Cross-Section

“Can you count how many top quarks are produced?”




The ”Big Picture”

ATL-PHYS-PUB-2018-034

Top Quark Production Cross Section Measurements Status: November 2018

2 ATLAS Preliminary '
 — Theory
b 10° Foge Run 1,2 /s =7,8,13 TeV E
C LHC pp Vs=7 TeV 3
B Data 454610 i
= o . l
LHC pp Vs =8 TeV
2 b
10 2 . BB Data 2022030

LHC pp Vs =13 TeV

A
. Bl  Datz 32-798fb!
10! |

—
|
vl

=
<
—
1
1

tt t tw t ttw ttZ tZj ttH tty

t-chan s-chan fid. €+jets



Comparison with theory

Fiducial phase-space

Similar kinematic reconstruction at detector- and
particle-level objects

Reduce extrapolation uncertainty
Endpoint of the theoretical prediction

Full phase-space

NNLO+NNLL (+EKW) accuracy only available
by asking favourite theorists, often slow turnaround

Larger extrapolation to low-pT, high-n

Observables must be infrared safe




Kinematic reconstruction
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- PseudoTop Kinematic constrains

Mass constraints (mw, to reconstruct t—£vb
mt) and b-tagging
information to

reconstruct decay chain

Hadronic top =
large-R trimmed jet

................................................... . Dilepton
. 21" Neutrino weighting

Kinematic constrains to All-hadronic boosted

find optimal longitudinal

component of the two
( neutrinos’ momenta [Phys.
Lett. B, 752 (2016) 18-26]

* Top quark candidates
= 2 leading large-R
trimmed massive jets
(b- and top-tagged)

Extra jet may also be
photon, bb pair



http://www.sciencedirect.com/science/article/pii/S037026931500845X
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- small corners of the phase-space
differential cross-sections
- associated production




Top Quark p+

Jet + Different py regimes lead to different
W-jet . reconstruction techniques [0, ~1 TeV]

_ < t-jet ;

jet » Sensitive to final state radiation

b-jet b-jet » Very precise low-pt differential cross-sections
> indicate disagreement with increasing pt
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Top Quark p+
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- Poorest data/PP6 agreement in ft (¥v2j2b)+ 0O

- Improved agreement with additional jets



ft iInvariant mass

H, Z', gkk

All-hadronic
Boosted
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Data

Prediction
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. Consistent with QCD prediction, no hint of BSM particles

. All-Hadronic boosted best mtt resolution for mass > 1 TeV




PDF Fit

ATLASepWZtop18:
NNLO pQCD fit using
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ATLAS differential cross-sections ™ o 5F ATLAS Preliminary 3
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Effect due to IFSR modelling
systematic.

o(xg)/xg

No significant impact on the
shape of gluon PDF

Impact of top diffxs: harder PDF,
reduced high-x gluon uncertainty




Extra radlatlon

ft(£v2]2b) + 1] j

py Lab frame

=)
ff|—|_
>
- 2
>
(7,

; ° Data
8 E Fiducial phase-space PWG+PY8 gy =m, E
_é — E =13 TeV, 3.2 fb—1 —_— 1+ PWG+PY8 hdamp=1 5 mt —
o 10 5-jetexclusive T T777 PWGH+H7 hyyr=1.5 m =
— = = - aMC@NLO+PY8 Mmf + p_zr) 3
e § ~ Sherpa 2.2.1 —
%‘ 1 E Stat. unc. =
— = Stat.+Syst. unc. 3
10 e =
- Leas 7 - > Px
02 e - ft system recoiling
= 3 against extra jet/lboson . .
107
E_ | — ‘.-""‘
g 1.5 __.'. .................................................................. OO SO SO SO —]
5% = P 11X IO o pou[2
BIO  1Emeiiciiee T — ’
a - LT -
0.5 R U RS —]
S| 1.5 ot —
Blg E -
S I ] 13 ”
B0 B N out-of-plane” momentum
[ T R —]

20 30 40 5060 700 200 300 400 (correlated with ptt and Ag!)
Py, [GeV]

out

- Additional radiation (esp ISR) test NLO, NNLO calculations
Very useful for MC tuning




Extra radiation (HF)

Associated emission of ft + bb heavy 8
flavour complicated process!

Crucial background to tt+Higgs g

t
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EPJC 79 (2019) 382

Extra radiation (y)

- Top quarks have EM charge, emit light! °
- But also quarks in the initial state...

- Probes compositeness: t* —ty
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ATL-PHYS-PUB-2018-009

Single top + W/Z
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ft+tt

Phys. Rev. D 99 (2019) 052009
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Search for
New Physics

“So what else is there?”
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arXiv:1804.10823
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X—tb,TZ,tH Resonances

I3 ])/t

Look for bumps in (t,b) or
(t,H) invariant mass spectrum

« Vector-Like Quarks (VLQ):
quarks with vector-like
interactions

« Wrand W’L:
additional gauge bosons

arXiv:1803.09678 Phys. Lett. B 781 (2018) 337
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Conclusions

Production cross-section measurements of increasing precision

Confirm Standard Model NLO predictions

ATLAS baseline POWHEG + Pythia8 model in good agreement with data,
but underwent significant tuning compared to other generators

Hard-scattering and parton-shower modelling large source of
systematic uncertainty

Associated production measurements in agreement with theory

“Tick-tock” approach to reduce modelling systematics works

No evidence for new physics in top-quark final states, yet!
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Top Tagging in a Nutshell
Apply cut on substructure variable(s) as a function

of jet kinematic variables (pT, y, m)
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High-pT (Boosted) Tops

Top quark
Three-prong topology

1 M Thal 1., JHEP 1 :084,201
Trimming IR

Removes pileup by discarding
R=0.2 subjets
with pT < 5% pT(J)
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Extra radiation (HF)

- Associated emission of tt + bb heavy 8
flavour complicated process!

- Crucial background to tt+Higgs g r
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tt/tW interference

Double slit experiment with top quarks!

Doubly (ft) and singly (tWb) resonant
productions have similar final states and

thus interfere
Interference “removed” with

“Traditional” methods
diagram removal (DR)
diagram subtraction (DS))

Fully-consistent treatment (POWHEG bb4l)
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tt/tW interference
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ft+H (or H+ {t?)

- Probes Yukawa coupling
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Stops from Spin Correlations
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“Searches never stop”


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2016-10/

T, production, T b % /T» ¢ %) /T> Wb %, /T~ t3] May 2018
S‘ 800 I_l L I DL L O l LI I L I N i I | T L T | ] L I LI ] LI I I_l ‘
8 — ATLAS Preliminary \s=13 TeV, 36.1 fb" m
= - BET-ty /i~ Wb 7: oL [1709.04183] g
3’\,_ 700— =—T—t3i /i=-Wb% /T=bff% 1L [1711.11520] —
< C BTt /T~ Wby /T-bify 2L [1708.03247) w
o - “Hi-c 7% T=bif 7, Monojet [(1711.03301] B
600— ~ T—cy cOL [1805.01649] —_
- & is=8TeV,20fb" Run 1 [1506.08616] n
325(ASSU i 1] S I i
S T 500— — Observed limits ===+ Expected limits All limits at 95% CL =
¥ : — - ‘l' - ]
=T — * 6‘\ - ]
T B iR ) - eV ]
o 200 . € N ]
s T 400(— - -
°© | T 1 -
1500 — u : -
N ,‘2‘ 300 (e | = E
\_\ "\’ [ \l‘.‘ - :
100 _\"\\< : I'.\\/ : _]
— " Ly, ]
[ ) 200— 5,-‘\ g :
m i\ ]
T .l .". I'-' _
- e~ ]
50 7 - 4 5/ [
Ao 27 | | L i\ GeV]
0 0 i 4 2] ’ L1 11 l L1l I IS8 SN l L1l I 1 l‘l 1 l L1 11 l 1 ’\ l T
180 00 300 400 500 600 700 800 900 1000
Top corridor” :
Very difficult with direct search! m(tj) [GeV



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2016-10/

S
&
i}

u,c u,c

W

b W Z
Z 2

- Flavour-changing neutral 'EEQYY’.)..P??'.‘?..C.'???.t.."..‘m.t.‘.’p No Higgs peak

5180 ATLAS Vs =13 TeV, 36.1 fb”' g 14—ArLAs ' ' r 13Tev 361fb '_:
currents strongly suppressed < w i tessesslsin § S E com
8 140 éﬁ* * ?a‘aH( )8 = 5% 2 o N Continuum bkg.
i 1 = — Cl =5% o - g i
in the SM, but enhanced in & Fi N R B oo

some BSM scenarios P

60

. Look for tt—WDbHq 20

pln b b b b b b ey

gL g gt gl g G g DT 11

i

Hadronic category 1

2 PR SR S ST R S S ST ST SLAT A (S S ST SN SR EY § BP TP Yy
(W qq/,gv H YY/bb) %50 100 150 200 250 300 350 400 450 50 Qo710 20 130 140 150" * Te0
—> y > m i [GeV] m,, [GeV]
«1 0—3 ATLAS+CMS Preliminary 95%CL upper limits <@ ATLAS <—@ CMS
_ 2 L B L T T T LA L L B LB T T T LHCtopWG [1] ATLAS-CONF-2018-049 [2] JHEP 02 (2017) 079
3 _ [3] JHEP 06 (2018) 102 [4] JHEP 04 (2016) 035
I 18 ATLAS = September 2018 5] EPJC 76 (2016) 55 6] JHEP 02 (2017) 028
. o _1 | [7] JHEP 07 (2018) 176 8] CMS-PAS-TOP-17-017
z 1s=13TeV, 36.1 107 7 Gt OMETENS gy e Qaouro
§ - - - 2028 .MSSM.RPV Brs
. 7 0]
—— Observed I.|m.|t = toHe | § % 2
=== Expected limit + 1o - A y  «—e m
----- Expected limit + 26 t=Hu : —e ©
All limits at 95% CL _1 toye
. —0 “
B toyu —e 4
] T = = rYE ]
—: t—gc <o o)
= —e 5]
] t—gu —e )
= bze| ***j |« 7
. —ZcC 2 |
T ~ = == ] 0]
Lol 1., ,3x10° 5 —e m
02 04 06 038 1 12 14 16 1.8 2 t_’ul | N T R <7®. 9
B(t — Hc) 10" 10" 107 107 10 107"

Branching ratio



https://arxiv.org/abs/1812.11568

