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Latest Results In
- | Top Quark Physics
From ATLAS
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What is the

ATLAS Collaboration
doing with all these
Top Quarks?

Riccardo Di Sipio, University of Toronto



Why Top Quarks?

Heaviest known particle, only “bare” quark,
(meta)stability of the Universe, etc...

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

e tt 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, tt/tW/WbWb
Interference effects, ...



The many scales of top quark physics
Calculations are complicated!
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Amazing machine & detector
performance

Only a very small fraction of the total
LHC + HL-LHC luminosity
collected/analyzed so far!
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~150 fb-1 at /s = 13 TeV collected in Run 2

Delivered Luminosity [fb™]
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- Production cross-section(s)
O u p I n g S Spin correlation

Polarization

W helicity

Charge Asymmetry
FCNC

M a S S Fundamental parameter of the SM

Resonant production (Z’, gkk)
Vector-Like Quarks (VLQ)

Searches




Cross-Section

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



Looking at the bigger picture...
Standard Model Production Cross Section Measurements

Status: March 2019
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Looking at the bigger picture...

Standard Model Production Cross Section Measurements Status: March 2019
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Comparison with theory

Fiducial phase-space

Similar kinematic reconstruction at detector- and
particle-level objects

Reduce extrapolation uncertainty
Valid for all Monte Carlo event generators

Endpoint of the theoretical prediction

* Full phase-space

NNLO+NNLL (+EKW) accuracy only available
by asking to the theorists, slow turnaround

Larger extrapolation to low-pr, high-n.

- Observables must be infrared safe




Single lepton
resolved - PseudoTop

Mass constrains (mw,
m¢) and b-tagging
information to
reconstruct decay
chain

Dilepton
Neutrino weighting

Kinematic constrains to find
optimal longitudinal
component of the two
neutrinos’ momenta [Phys,

Lett. B, 752 (2016) 18-26]

Extra jet may also be
photon, bb pair

Kinematic reconstruction

Single lepton
boosted

Kinematic constrains
to reconstruct t—=2vb

Hadronic top = large-
R trimmed jet

All-hadronic
boosted
“double double”

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



http://www.sciencedirect.com/science/article/pii/S037026931500845X
http://www.sciencedirect.com/science/article/pii/S037026931500845X

High-pT (Boosted) Tops

Top quark W boson Quark/gluon
Three-prong topology  Two-prong topology Axial topology

arXiv: 1903.02942
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NEW! arXiv: 1903.02942

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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https://arxiv.org/abs/1903.02942
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All-hadronic (pr1>500 GeV, pr2>350 GeV)
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Top Transverse Momentum

jet * Most important observable?
/ W-jet * Different kinematic regimes and reconstruction

<f'jet techniques [0, ~1 TeV]

jet
: b . - Sensitive to final state radiation,
-jet b-jet

Very precise low-pr differential cross-sections
0 - 200 GeV 200 - 350 GeV >350 GeV indicate disagreement with increasing pr
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Uncertalntles Top quark pr
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tt invariant mass

All-hadronic
Boosted .
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+ Generally well modelled, no obvious peaks hinting at BSM particles

- All-Hadronic boosted best resolution to this date at mass > 1 TeV



Extra radlatlon

tt(vaJZb) + 1J

Py Lab frame
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Extra radiation (HF) ™

. Associated emission of tt + bb heavy
flavour complicated process!

+ Crucial background to tt+Higgs
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Extra radiation (HF) ™

b

. Associated emission of tt + bb heavy 8
flavour complicated process!
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Extra radiation (y)

+ Top quarks have EM charge, emit light!

EPJC 79 (2019) 382
b

+ But also quarks in the initial state...

+ Probes compositeness: t* —ty
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ATL-PHYS-PUB-2018-017

PDF Fit

+ ATLASepWZtop18: NNLO pQCD fit

using ATLAS differential cross- S - o ATLAS I'Dre'lm;in'a'ry' E

sections at 7 TeV (W, Z/y*) and 8 | Jamsseaii :

TeV (tt pr, m« single lepton, yx 2f E

dilepton) + HERA etp data 156 , £

- Q'=2GeV n

+ Good fit to data when ptt and m 1+ fepwz -

used separately, pull opposite ways 0_5§_ % epWZ + p+ m, (leptonsjet) :

>> decorrelation, effect due to IFSR ' +y,(dilepton)

modelling systematic. No _ _Ol_ —

significant impact on the shape of £ o

gluon PDF 5

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



https://cds.cern.ch/record/2633819

-+ Early Run2 measurements:
Setup derived from extrapolation of 8 TeV diffxs.
PWG+P6 workhorse, MC@NLO and H++
systematics, IFSR P2012

-+ Baseline Run2 measurements:

terative process, make use of early Run2 results
PWG+Pythia8 nominal, MG5_aMC@NLO and
Herwig/ systematics, IFSR A14 tune

+ Clear reduction of systematic uncertainties

MC/Data

1/o do/dmy [1/GeV]

MC/Data

MC Modeling
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_  ATLAS Preliminary
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https://cds.cern.ch/record/2630327

arXiv:1902.07158

Single top (EWK)

q q g W q b
b t b t q t

t-channel tW-channel s-channel
Most abundant, Interference with tt Small cross-section,
Constrains PDF BSM resonances?
o) . ATLAS+CMS .
= pmsaiudll Cross-sections e ] (HGIopWG CMK Matrix Element
10° ATLAS+CMS Sl
'% [ tchannel -LFh " Lhcopia - If V| = (;meas' from single-top-quark production
3 B S theo.
@ B -#' ] Cye0.- NLO (t- and s-channel), NLO+NNLL (tW)
A === NNLO t-channel 8o, . :scale ®PDF @ o, ®m, @ E otal theo.
o B scale uncertainty 1 theo. s beam
G i o NLOSNNLL 1 m, = 172.5 GeV If. V| + (Meas.) * (theo.)
% i scaIeEL) PDF @ o uncertainty_ ATLAS+CMS LHGIOpWG
3 —NLO t-channel, Vs = 7, 8 TeV e 1.02 +0.04 +0.02
c T T - | scale uncertainty

B scale ® PDF & o, uncertainty ]| :
ATLAS+CMS LHCtopWG | : o—i N N
1 WS = 7.8 TeV ; 1.02 £ 0.09 +0.04
10~ __
B 4 ATLAS+CMS LHClopWG | e :§
u ® 4 s-channel, Vs = 8 TeV 5 0.97 £0.15 +0.02
- s-channel _
it ialietetelel ATLAS+CMS LHCtopWG
i 1 t-channel, tW, s-channel, Vs = 7, 8 TeV 1.02 £0.04 £0.02
; 1 I 1 1 1 I 1 1 1 i 1 1 1 I 1 1 1 I 1
0.6 0.8 1 1.2 1.4
\f§ [TeV] Ivathl


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2017-16/
https://cds.cern.ch/record/2630327

u d Eur. Phys. J. C 77 (3017) 531

t-channel _—

"
Is there a mismodeling (slope) here, too? b h
Synergies with tt?
L__' b ' ' ' | ' ' ' ' | ' b ' ' T T T T T T T T T T T
. _ —— | |
> 1 ATLAS s=8 TeV, 20.2 fb -J : 1k ATLAS s=8 TeV, 202 o' 3
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p_(T) [GeV]


https://link.springer.com/article/10.1140/epjc/s10052-017-5061-9

HEP 04 (2017) 124
u d J 04 (R017) 12

t-channel T

T
b b
Polarization observables extracted Set limits on anomalous
from angular asymmetries couplings
|||||||||]|||||||]||| ﬂ III|III|III|III|III|III|III|III]III|III
© ATLAS G
ATLAS 0 5000 \s =8 TeV, 20.2 fb" ’
Q= -1 i Signal regi l
\s =8 TeV, 20.2 fb - AIFB _ gnal region
ot A 4000 R :
i e Data 2012
@+ . AEC _ —1Im gR=0
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Angular asymmetry


https://link.springer.com/article/10.1007/JHEP04(2017)124

ATL-PHYS-PUB-2018-009

Single top + W/Z

Associate production with boson established
tW differential cross-sections
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https://link.springer.com/article/10.1140/epjc/s10052-018-5649-8
https://cds.cern.ch/record/2630327
https://www.sciencedirect.com/science/article/pii/S0370269318302120

PRL 121 (2018) 152002

tt/tW interference

Double slit experiment with top
guarks!

g W

Doubly (tt) and singly (tWb)
resonant productions have
similar final states and thus
interfere

Interference “removed” with

“Traditional” methods
(diagram removal, diagram
subtraction)

W

Fully-consistent treatment g
(POWHEG bb4l)

S|


https://cds.cern.ch/record/2633819

PRL 121 (2018) 152002

tt/tW interference

Double slit experiment with top g T+

guarks! '»Q% : b

Doubly (tt) and singly (tWb)
resonant productions have

W-
similar final states and thus M

interfere q -

Interference “removed” with
g W+

“Traditional” methods ‘0000
(diagram removal, diagram b

subtraction)

Fully-consistent treatment W\«ﬁ_
(POWHEG bb4l) g 20 mpw~my



https://cds.cern.ch/record/2633819

PRL 121 (2018) 152002

tt/tW interference
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https://cds.cern.ch/record/2633819

G. Rodrigo, arXiv:1207.0331

Charge Asymmetry

- Interference effects between LO and NLO diagrams t t
+ Born experimentally at FNAL/Tevatron circa 2011 >
(pp) as “forward-backward asymmetry” 5
— N(yt > O) _ N(yf > O) TeVatron

8= NGy, > 0) + N(y: > 0)

+ CERN/LHC is pp collider, rapidity-symmetric tt

. . LHC
production, hence different observable

N(Ay > 0) — N(Ay < 0)
N(Ay >0)+ N(Ay < 0)

6. T. Aaltonen et al. [CDF Coll.|, Phys. Rev. D83 (2011) 112003 [arXiv:1101.0034 [hep-ex]].

7. [CDF Collaboration|, CDF Conf. Note 10436, March 2011.

8. T. Aaltonen et al. [CDF Collaboration], Phys. Rev. Lett. 101 (2008) 202001 - . - o ! . .
[arXiv:0806.2472 [hep-ex]]. y

9. V. M. Abazov et al. [DO Coll.], Phys. Rev. D 84 (2011) 112005 [arXiv:1107.4995 [hep-ex]].

10. [DO Collaboration], DO Note 6062-CONF, July 2010.

11. V. M. Abazov et al. [DO Collaboration|, Phys. Rev. Lett. 100 (2008) 142002
[arXiv:0712.0851 [hep-ex]].
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Inclusive tt

ATLAS+CMS \s=8TeV

@ QCD NLO (+ EW NLO), Phys. Rev. D 86 (2012) 034026
=:=: QCD NNLO (+ EW NLO), based on arXiv:1705.04105,
JHEP 04 (2017) 071, JHEP 05 (2016) 034

ATLAS, lepton+jets

Eur. Phys. J. C 76 (2016) 87,
L,,=20.3fb"

CMS, lepton+jets
Phys. Rev. D 93 (2016) 034014,
L= 19.6fb"

ATLAS+CMS
LHCtopWG

P —

o—t—1
stat total

0.0090 = 0.0044 + 0.0025

0.0033 £ 0.0026 + 0.0033

0.0055 + 0.0023 + 0.0025

= =
II|IIIIIllllllllllillllllllll

-0.02  -0.01 0 0.01

Ac

- The precision of the combination is significantly improved wrt individual measurements.

002  0.03

0.1

-0.05

Charge Asymmetry

LHCtopWG, JHEP 04

2018) 033

Differential tt (Ac vs m)

| ATLAS+CMS Lepton+jets \s =8 TeV
§ ATLAS+CMS
LHCtopWG
----- SM (QCD NLO + EW NLO)

— SM (QCD NNLO + EW NLO)
- == Light colour-octet
Heavy colour-octet ®

| | B | | |
800 1000

m. (GeV)

| | | | | 1
400 600

| | |
1200

- In agreement with SM calculations at NLO and NNLO and also compatible with zero asymmetry



https://arxiv.org/abs/1709.05327

arXiv:1903.07570

Spin Correlations

Xi = fsMm - Xspin, i T (1 - fsm) - Xnospin, i

In the SM, the spins of the two

[ T Y J ] L2 ¥ ' ] 12 12 ] T T Y ] T Y L 3
| ATLAS I

Q
tops are completely correlated & 2] vs-13Tev 36110 =
. ! - ¢ 4
(fsm=1), hence leptons’' P4 g
" : o |, n
- Additional particles or non- °I3
standard couplings can change 7
the effective correlation... v oem e Sherms
! - Powheg Pythia8 = === Powheg Pythia6 |
. . | weee- Pow rwi PowPy8 rad. down _|
...but also higher-order terms L R vk /ARG
have an impact S —
105 E@sSat 30t A [
- Top prreweighting consistent ~ £8 '
0.95

I 1
0.6 0.8
Parton-level A¢(/*, ") /m[rad/n]

with NNLO calculation, does not
explain the discrepancy


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

arXiv:1903.07570

Spin Correlations

Xi = fsMm - Xspin, i T (1- fsm) - Xnospin, i

In the SM, the spins of the two
tops are completely correlated
(fsm=1), hence leptons’' P4

IIIIIIllIlIIIIlIllll]llllllll[lllllIIIIIIIII LI

1.6—— ATLAS Inclusive
. {s=13TeV, 36.1fb"

A g, =1.25+0.08

—

llullll

- Additional particles or non-
standard couplings can change
the effective correlation...

do
- @ Nm [1/(rad/mt)]
T

1

o
T

|

E-O;,Zv‘—“ﬁf |

- ...but also higher-order terms 087 I _ Powheg (SM spin)
have an impact : — Powheg (No spin) |
0.6~ ¢ Data -

: : : - ---- Fit result -

* TOppTrewelghtlngconSIStent 0.4_111IIlIIIIIIIIIllllllllllllllllllIIIIIIIIIllII—
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with NNLO calculation, does not

exp|ain the discrepancy Parton level A¢(|+,|-)/7t [rad/x]


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

arXiv:1903.07570

Spin Correlations

Region fsm = (stat.,syst..theory) Significance (excl. theory uncertainties)
Inclusive 1.249 + 0.024 + 0.061 + 0.040 3.2 (3.8) Best-fit f sm INCreases
my; < 450 GeV 1.12 +£0.04 *0-12 + 0.02 0.86 (0.87) with my, but large
450 <m; <550GeV  1.18 +0.08 *013 +0.08 1.0 (1.1) uncertainties reduce
550 < m,; < 800 GeV 1.65+0.19 *0-31 +0.22 1.3(1.4) Significance
my; > 800 GeV 22+0.9423+0.7 0.58 (0.61)
% 1.08_IIIIiIIII|IIII|IlII IIII|IIII|IIII|IIII TTTT IIII_
< - Inclusive ATLAS :
0>_~ 1.06_— | 1 -
. \s =13 TeV, 36.1 fb" 1
3 1.04 +—- + -
_C . —
= §
o e ) b -
[ | s g{ e // IIIING55725% -« Data/NLO QCD+EW good agreement, but scale
— /(- - /f““é“z“ £ & [ [} (]
£ " ¢ Data H=Miop Very ad hoc and yielding large systematics
0.98) — powheg+Pythia8
- /. PP8 scale up/down
0.96+ =m,)
Z NLO QCD+EW scale up/down S
0.94L === MCFM s
- — NNLO § Problem with calculation...or new physics?
_ NNLO scale up/down| | | | |
O 9 I I T T T T T T T T I o | L 111 1111 1111 1111 1111

0 010203040506 070809 1
Parton level A¢(I*,l)/= [rad/x]


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

PRD 99 (2019) 072009

tt+W/Z
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- Observed cross-sections in
agreement with SM 1
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https://link.aps.org/doi/10.1103/PhysRevD.99.072009

Phys. Lett. B 784 (2018) 173

tt+H (or H+tt ?)

- Probes Yukawa coupling ¢ g d
(is the top quark the only Lo ——nm 7 ; - H
“natural” quark?) ’
g - t . t
(a) (O

- Combination of
H—bb WW*,tt,yy,ZZ* >50

b |

| | | | I | | | | | | | | | | | | | | | | | | | I | |
% 351 T ] T T T T [ T T T T T T T T T T T T T __ ATLAS l_._l Total Stat I:I Syst — SM
G T F ¢ Daa ATLAS L] /s=13TeV, 36.1-79.8 fb
0 g Continuum Background s = 13 TeV, 79.8 fb = Total  Stat. Syst.
N - ---- Total Background m,, = 125.09 GeV ] o | o1 020
_.\cg 25:_ — Signal + Background All categories — ttH (ob) H _ H 0.79% oo (# 025 »+0.53)
S - In(1+S/B) weighted sum .
g 20 = ttH (multilepton) He=—1 156+ g4 (£ 03 ,% 037 )
e 15F = ttH (yy) == 139+ 08 (+ 0% .+ 0%2)
a u ]
10% + e tH(Z2) e <1.77 at 68% CL
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https://linkinghub.elsevier.com/retrieve/pii/S0370269318305732

tt+tt

10 _ ATLAS 1 Dileptén ¢ Data B 7T (SM) [T + jets (data-driven)
E s =13 TeV, 36.1 b Post-fit @t + HV  [JNon-t? 7 Uncertainty
35F
302_ 7 7j,3b,>1J 7j,>24b,>1J >8j,3b,>1J W>8j,z4b,z1J
25 F / // /] - - -
10 = 8-
20 e, - 30 = :
15F _ 20 = 6 =
10f ST o 3
5F :_ ';‘4;44
of -
1.25 j
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+ Very small SM cross-section, but

enhanced in many BSM models

+ Background to tt+H, very

complicated final state

Single lep. / OS dilep.

SS dilep. / trilep.

Combined

Phys. Rev. D 99 (2019) 052009

~|

—
ATLAS

{s=13TeV, 36.1 fb™
— lot. tTtT (SM)
stat.
tot ( stat syst)
+1.9 +1.1 +1.6
O — 1'7 —1.7(—1.0 —1.4)
+1.8 , +1.6 +0.9
= O - 44—1.6(—14 —0.8)
+1.3 +0.9 +0.9
e O 31—1.2(—0.8 —09)
o by v by v by v v by b b by by
2 0 2 4 6 8 10 12 14 16

: 1) AT
Best-fit u = o'/ o'y,


https://journals.aps.org/prd/abstract/10.1103/PhysRevD.99.052009

Top Mass and Width

“Isn’t the top quark just two numbers?”



Top Mass

. g ATLAS+CMS Prelimin » sSummary, ¥s = 7-13 TeV  November
e No consensus on actual definition ctopwa ey M Summary, s = 7-13 TeV  November 2018

....... World comb. (Mar 2014) [2] ? ;

when precision < 0.5 GeV ~Aqcb. sta
total uncertainty m,, = total (stat = syst) i
Not a matter of taste but a LHC comb. (Sep 2013) uciopwa 17320+ 0.95 035 - 0.)
World comb. (Mar 2014) 173.34 = 0.76 (0.36 = 0.67)
profound lack of a clear definition. | AtAs +es 17233 127 075 + 102
ATLAS, dilepton 173.79 = 1.41 (0.54 = 1.30)
ATLAS, all jets 1751218 (1.4212)
ATLAS, single top 1722221 (0.7= 2.0)
= . . ATLAS, dilepton 172.99 = 0.85 (0.41= 0.74)
* Direct measurements: invariant ATLAS, alljets 7372 1150552101 57e
ATLAS, l+jets 172.08 = 0.91(0.39 = 0.82) 8 TeV (8
Mass Of deCay prOdUCtS be, MfJ/Lp ATLAS comb. (Oct 2018) rnzﬁ?j 048(025:041) 7870V s l
CMS, l+jets 173.49 = 1.06 (0.43 = 0.97) / 19
(“ MC maSS”) CMS, dilepton 172.50 = 1.52 (0.43 = 1.46)
CMS, al jets 173.49= 1.41 (0.69 = 1.23)
CMS, l+jets 172.35= 0.51 (0.16 = 0.48)
CMS, diepton 172.82= 1.23 (0.19 = 1.22)

CMS, al jets

e [ndirect measurements: measure CMS. single top

172.32 = 0.64 (0.25 = 0.59)

some property that has a known oS e P20 T
dependence on top mass, e.g. ove ey e ars0morn

cross-section, ps

| - I 1 1 1 l | - l | I I l 11 1 l 1

165 170 175 180 185
Myp [GEV]

42



Words of Wisdom

“A mass parameter extracted from a
measurement depends mostly on an
observable rather than a simulation tool”

—Kirill Melnikov, Paolo Nason
SM@LHC 2019, Zurich

“Mass is the parameter most precisely
known but imprecisely understood”

Paul Grannis,
The coming of age of the top quark



arXiv:1905.023302

Top mass (indirect)

e Total and differential cross-section(s) 1 do.:. 1
po]e tt+1-_]et
depend on top mass R(mt : Ps) = :
e (Cross-section of tt+1jet depends on the Otf+1-jet dPs

toomass 2% 170 GeV

4 - L] L L] ] L L] LJ I l L L] L l
- e Data (l+jets) =i p A)
35 ATLAS [0 Data(e+jets) _= M.z 17
E 1 A Data(u+jets) = [r+1j
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Search for
New Physics

“Maybe the Nobel Prize should be awarded to the physicist who
discovered no new particle this year?”
J. Robert Oppenheimer



You don’t discover a fundamental particle
every year anymore
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You don’t discover a fundamental particle
every year anymore

@

“Hey mom,
can you go to the
public library?”

Charm Tau
(SLAC/BNL) (SLAC)

Quarks
(SLAC)

. Un'’équipe americana é riuscita ad isolare la particella piat sfuggente dell'universo

Scoperto il top-quark

di FRANCO PRATTICO

, forse la rivincnn dellascienza americans, umiliatain que-
sti anni da.lh fisica curopea, in particolare dalle scoperte

| Cern
dalln d

I!mnllgi

dinon rea-

tesco acceleratore dl panlcelle SSC nel Texas. Secon-

mi conf:mule daun mlcoloml Phymal Review. Lemqu:lel
jca

mine tratto fantasiosamente dal Flmuﬂn 's Wake di .ltmu Joy;le

ficile interpretazione,

P

D-g 1 nelgnn_al b

it e fondarmentale di

u dlm:ll

perche, i quark
sono «legatis, lll intern dell: pnmllz che vengono a formu! da

«collider»

di fisici nmmum  final ad ffs :ercadl rly
T dol dil rgic  Cid nclcorlade;l muml luﬂ.n nelmndthnummda
tissi | fa i ktops, una bilc particellain-  fisica si era riusciti a ind ¢ regis i I le
T (4T 1 dell. Ttima dell: dich Sei o) )
mﬁcrhco 0i la ia: a energi divvneiqmril).
me noi ergic p,

L- «caccia» duraya da oltre
vent'anni. Nei primi anni Ses-
santa il premio Nobel Murray
Gell-Mann e, mdxpendenmnen-
te, e Zwe
mmmmmﬂkatllc paruea:lele

che
dell'at jod joni e
e G e
partic rivelate

terzo ddh

com'é noto & podlhm per il pro-

tone ¢ riu-puv- per' ele::.rvn:;e).
r il neu ).

B e e o

ele
-mmonl dell'universos. Le par-
1i costituenti di protoni, neutro-
ni ¢ mesoni vennero da Gell-
Mann battezzate «quarks:unter-

Bottom
(FNAL)

und heeconedcboh
formato le p.nicelle a

o aniTiars nesin nent

3
Few York - Da sempre L’Americ fe icii ]
Tikos & scaio alla dagli scienziati italiani del Labortoro Fermi, a massa
cerca dell’infinitesi- lopquark»ésizuuku]a'zm
cnie, piccolo. i mum-m el
Bt oo sl e mtesrogatosul. o mcno T olird 1 palioto
lapatura della materia. E a due lell'esperimento ¢ descrittoinun
‘millenni ¢ mezzo da N lungu articolo di centocinquanta
o centoguindic anni dalla pagine inviigallapigautorciole
mscitadi Einstein, ha ora il
lulimo pezzettino del «puzz] Physic jcalreview.
Un feam di qu;::elm ﬁ lé statoresopubblicoiericon
nove scienziati internazionali ha & ARTURO ZAMPAGLIONE una sene di comunicati in varie
B ncu ot capitali, compresa Roma: perche
mimente raggiunto le prove del ilteam ¢ veramente internaziona-
3 quarks: anello mancante taliani (quarantacin
 nella teoria della e dodi- ol da Bologna, Paclovs,
Simoqurk lacul SSenzACT  inognicalcol.Seron e sato alfagpello s disptio difnnume: o Frascat]
- tempo’ ta, e anche m,.m., ‘intero «modello esperimenti condotti con sui ti dal professor Bellettini
uur dimostrata da io uﬁ‘urnndaunduoho T'acceleratore, visto che i-  dell'Istitutonazionale difisicanu-
mai in modo e Ta O e o e af Tomon Bt el 1984
soperta - che R, ! blica aveva dhlemmuvmewwmamdl mpum\dmcelemlgmul. Rubbia, che era a capo di cento-
S; ifnimodiunndnl di espri- mda a quell- della luce ¢ facendole annmdmolcpmvedelhslﬂm
‘menti condotti 'acceleratore fu’m.l & z «t0] q\md()
paricle un tunnell orerrs  iom; MT""' e “n.mgm I‘nrhnh docon | New York 7. quellnss 2
i 3 mita) iccoladella: mes, cheieri haantici oti- 1, perc
‘a-"d il KR, sia eV B EUAES Set scieatat smmpmd.ﬁgfcch
m Batavia nellTllinois. ehe p,,m,,m ...,,.m dl aborstorio Fermi hano toallepreviio
team i risul- HM spenmenlo succe
o feliean pars S gome | ﬁ":‘:‘mman palle ud.‘?:::':?. conilnsiootiens
{ io Nobel Hans A. Bethe i -sié e ie a quella sorta torio
N o s o mh.m,&ﬁﬂ'énia ‘g:‘;nhqper prmoda  cédubbiochecisari
e e T S S R ;“:erl‘l:cmnvnlenmuammmc ]
ici iz el
b Imporiantissimos: mentare, Gnora ipotetica ma da i . sanre g st Dl
R e ol L ierinonpii lnome quark 8310 cormspondents i Db chno o nelluiier el da Bowling: Secondo imandro ¢ Ein
€pi consolidata, La fisica aveva P"G‘; = ‘i diffe.  diverse combinazioni di questi a:vlﬁ o I'elettromagnetismo. gﬁ ‘het, professore di  no l'entusiasmo e la
220 del «top quarks, cio il Y om chiamate sapori:  dodici quark risultare seiq\nrkennogiém ﬁslcn all iersich o Chicago e chelamateriasiadiv
Qa Sho, Fac e g presentc. oo own, Siand, incanto, alto  ttta a matera. In aggiunta ala sesto mancava  portavoce del team di scieniati  oscurs.

wW/z
(CERN)

SSC
Cancelled

Top

(FNAL)

LEP

shutdown

LHC Tevatron
Run1 shutdown

Next particle:

A fermion (sterile v?)
discovered at FNAL in

year ~2035

LHC
Run2

Higgs
(CERN)

1968
6 yrs

1974 1975 1977

1983

1995

12 yrs

1

7 yrs

2012

>

>2019




arXiv:1804.10823

X—tt Resonhances
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X-tb,TZ,tH Resonances

« Look for bumps in (t,b) or (t,H) invariant mass spectrum
- Vector-Like Quarks (VLQ): quarks with vector-like interactions with other particles.
- W’r and W’L: additional gauge bosons, mediator of a new charged vector current
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Supersymmetric Scalar Tops
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Stops from Spin Correlations
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“Searches never stop”
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“Top corridor”

Very difficult with direct search!
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Conclusions

A journey of thousands miles begins with a single step. Current ATLAS
top analyses < 36 fb-1 prepared the stage for full Run2 measurements

Tensions in top pT and Spin Correlations not yet completely
understood, NNLO(QCD)+NLO(EW) corrections matter

ATLAS baseline POWHEG + Pythia8 globally good, but underwent
significant tuning compared to other generators

Hard-scattering and parton-shower modelling still a big source of
systematic uncertainty limiting top measurements and searches

* Tick-tock approach to reduce modelling systematics works!

e Run1 measurements used to improve PDFs
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