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1995

» The discovery of the top quark was announced during a seminar at Fermilab
on March 2

» The CDF and D@ collaborations at the Tevatron had submitted their papers
reporting the discovery on February 24

> arXiv:9503002, arXiv:9503003
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https://arxiv.org/abs/hep-ex/9503002
https://arxiv.org/abs/hep-ex/9503003

20 years

» |t had taken 20 years to find the top quark, following the quark model development in the
1970s

Year Collider(s) Coll. particles Limit on my
1984 PETRA (DESY) ete” > 23.3 GeV
1990 TRISTAN (KEK) ete” > 30.2 GeV
1990 SLC (SLAC), LEP (CERN) ete” > 45.8 GeV
1988 SppS (CERN) pp > 45 GeV
1990 SppS (CERN) pp > 69 GeV
1991 Tevatron (Fermilab) pp > 91 GeV
1994 Tevatron (Fermilab) pp > 131 GeV

» The top quark completed the list of fundamental constituents of matter in the SM
» The Tevatron allowed for the study of the top quark to a very large extent

» DO Results, CDF results

» and eventually shut down in 2011 (though they continued producing results after)

» The LHC started running in 2009, and by 2010 it had achieved pp collisions at 7TeV
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https://www-d0.fnal.gov/Run2Physics/top/top_public_web_pages/top_public.html
https://www-cdf.fnal.gov/physics/new/top/top.html

2012 —

» The 4th of July 2012 in a similar seminar at CERN, the LHC experiments announced the
discovery of the Higgs boson: arXiv:1207.7235, arXiv:1207.7214

» Two discoveries with many things in common (such as many authors for example)

» Two particles that are deeply connected, but that is a story for another time

» and you have heard it already
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https://arxiv.org/abs/1207.7235
https://arxiv.org/abs/1207.7214

S0, does this mean that...

... the top quark era ended with the
Tevatron and the Higgs boson is
the LHC particle?

ZSUISSE___—
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In way yes, but
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I’m not going
anywhere

L2l \_
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Not your average quark

* The top quark is wﬁ”SPQCIﬂl sﬁf

> |t is very heavy — heaviest elementary particle found so
far

» almost as heavy as a gold atom
» /9 protons, 118 neutrons, and 79 electrons
» and because of that
> it is short lived
» Decays before it has the time to hadronize
» Does not form bound states = no toponium

> Some properties pass directly to the decay
products

» Couples strongly to Higgs

» Impact on the Higgs sector
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Every (top) precision measurement is a search

. . ' arXiv:1803.01853
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» Plays a role on the stability of the
electroweak vacuum of the Universe
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http://project-gfitter.web.cern.ch/project-gfitter/
https://arxiv.org/abs/1803.01853
https://arxiv.org/abs/1707.08124

And there are many searches with top

» The top quark is a main ingredient of many new physics scenarios

» Exotic partners, rare decays, heavy new particles decaying to top, new particles
produced together with top...
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Vector-like quark pair production
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lop signatures are rich

* The top quark is 7?5 'i' ("experimentally) ' A\

» top decays as t—=Wb, almost 100% of the times ¥

» W then decays either to v or gq

»Whenever a top quark is produced, we'll have
» Jets coming from b-decays that we need to “tag”
> - very important for top : %
» Room for creativity: several algorithms
» And either:
» |solated leptons
> Neutrinos — invisible, inferred from missing transverse energy (MET)
» AND/OR

: : : Using the full potential of the LHC
» Jets coming from lighter quarks experiments
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lop i1s EVERYWHERE

» But no matter if you like it or not: It is unavoidable at the LHC

» Produced at a very high rate, mainly via strong interaction in ttbar pairs
L 9T —>— ¢ g t g t
g g
A
3 9 o0 —e—1 g i g t

» and at a lower rate via EWK interaction: single top quark production

» Three main modes: t-channel, tW associated production, and s-channel

u(d) d(a) b t u t
el
b t g W d b
» Then there are many other modes of production:
> (Dt+X (X=W, Z,y, H, bb, tt, ...)

> Top is background of virtually at the LHC — we need to know it well!
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A certitfied top quark factory

o [pb] ttbar t-channel tw s-channel ggH
Tevatron 7.0 2.08 0.22 1.046
LHC @ 7TeV 177.3 63.89 15.74 4.29 15.31
LHC @ 8TeV 252.8 84.69 22.2 5.24 19.47
LHC @ 13 TeV 831.7 216.99 71.2 10.32 4414

» Top quarks are produced today at the LHC more than 100 times as often as they were
produced at the Tevatron

> For every Higgs boson produced in collisions = 22 top quark pairs
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| HC Run-1

> During the Run-1 (2010-2012) the LHC delivered ~5fb-1 of pp collisions at 7TeV and
~20fb-1 of pp collisions at 8TeV

Data included from 2010-03-30 11:21 to 2012-12-16 20:49 UTC
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Enough to establish a very healthy top Run-1 Legacy
With a good number of ATLAS+CMS combinations (and even a world combination!)
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The Run-1 Legacy (so far)
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Ihe Run-1 legacy

» Production rate of top quark pairs

CMS Preliminary

NNLO+NNLL PRL 110 (2013) 252004 " T T
m,,, = 172.5 GeV, o (M ) =0.118:0.001 R v

X z total stat
scale uncertainty )
scale ® PDF @ ag uncertainty o, * (stat) = (syst) = (lumi)

o, summary, s =8 TeV Feb 2017

» Inclusive:

> All channels, very high precision (=3.5%)

CMS, lepton+jets

‘ 228.5 + 3.8 = 13.7 = 6.0 pb
EPJCT77 (2017) 15, L, =19.6f

> all compatible with theory predictions at
high orders (NNLO)

» Differential: as a function of specific variables

CMS, lepton+t,,
PLB 739 (2014) 23, L, =196M"

o 257+3+24+7pb
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Ihe Run-1 legacy

ATLAS t-channel

" ATLAS+CMS Preliminary LHCtOpWG

S. I N S | t k d t PRD90(2014) 1120086, paper in preparation, 7]
~ Single top-quark production arXiv:1609.03920 7
> Single top quark production  Single top-qu  pma :
eptember JHEP12(2012)035 JHEPO06(2014) 090,
- paper in preparation -
O ATLAS Wt

- PLB716(2012) 142, JHEP01(2016) 064, -
ATLAS-CONF-2016-065

» Main mode, t-channel, measured at high
precision (inclusive, differential)

CMS Wt
PRL110(2013) 022003, PRL112(2014) 231802
LHC combination, Wt —

. a.u.igT.u.- . t-channel ATLAS-CONF-2016-023, CMS-PAS-TOP-15-019
4#' A ATLAS s-channel

ATLAS-CONF-2011-118 95% CL,
PLB756(2016) 228

¥ CMS s-channel
arXiv:1603.02555 95% CL
+8 TeV combined fit 95% CL

» First observation of the tW process Ll . A,
jie S

I
*

10?

Inclusive cross-section [pb]

T
X

scale uncertainty

== NLO+NNLL PRD83(2011)091503,

PRD82(2010) 054018, PRD81(2010) 054028
Wt: tf contribution removed

scale ® PDF ® o, uncertainty
et S-Channel
----- = == ——— NLO NPPS205(2010) 10, CPC191(2015) 74
H=u=mg,
CT10nlo, MSTW2008nlo, NNPDF2.3nlo

Wt: p: veto for tf removal =60 GeV
and n= 65 GeV
scale uncertainty

» Study of s-channel and rare single top 10
modes

LI

» top properties measured in t-channel
signatures p— ' '

scale ® PDF @ o uncertainty
m,= 172.5GeV

7 8 13
Vs [TeV]
ATLAS+CMS Preliminary November 2017 ——
LHCtopWG total stat
I Theory (NNLO QCD)
PRD 81 (2010) 111503 (R) FR FL Fo
—o—®—— Data (F /FL/FO)
JHEP 1206 (2012) 088
CMS 2011 single lepton, Ys=7 TeV, L _ _22fb‘* e e i ;
SESR%h singsetopton. V= Sndlelop enriched g 172602077097 gy 0o
LHC combination, {s=7 TeV (H=H H-aH
LHCtopWG o
ATLAS-CONF-2013-033, CMS-PAS-TOP-12-025 X\ﬁ;’g %%?bér&astlgg ‘o 173.34 + 0.27 = 0.71 GeV

ATLAS 2012 single lepton, {s=8 TeV, L _=20.2 fo’!
EPJC 77 (2017) 264

CMS 2011 single lepton, {s=7 TeV, L _ _50fb1
JHEP 10 (2013) 167

CMS 2012 single top, {s=8 TeV, L_=19.7 fb"
JHEP 01 (2015) 053

CMS 2012 single lepton, {s=8 TeV, L _=19.8 fo”
PLB 762 (2016) 512

CMS 2012 dilepton, {s=8 TeV, L_=19.7 fb”
CMS-PAS-TOP-14-017

arXiv:1403.4427 (2014)

| | | | | | | | | | | | | |
160 170 180 190
m, [GeV]

,.
*i:l:!

ATLAS 2010 single lepton, {s=7 TeV, L _35 pb”’ H+—H H——a+—H
ATLAS-CONF-2011-037
ATLAS 2011 single lepton and dilepton, {s=7 TeV, L _1 .04 fb! HiH s

* superseded by published result |

0 0.5
W boson helicity fractions
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The Run-1 legacy

[~ 4

> Properties Asymmetries (charge)

> Very close to the high precision regime

W-helicity fractions

» Everything is consistent with the SM predictions so far Spin correlations

» First combined LHC publication in the top group! Top polarization

BR (t—=Wb)
ATLAS+CMS \s=8TeV |Vi| CKM matrix element
g@=m QCD NLO (+ EW NLO), Phys. Rev. D 86 (2012) 034026 k +—@— i f
=:=: QCD NNLO (+ EW NLO), based on arXiv:1705.04105, stat total TO p q ua rk Wldth
JHEP 04 (2017) 071, JHEP 05 (2016) 034
; CP violation tests
i
- i
ATLAS, lepton+jets 0.0090 + 0.0044 + 0.0025
Eur. Phys. J. C 76 (2016) 87, 1
L,=20.3fb" 1
1
i
CMS, lepton-jets ——e i 0.0033 + 0.0026 + 0.0033
Phys. Rev. D 93 (2016) 034014, 1
L,=19.6fb" i
i
ATLAS+CMS H—O—H; 0.0055 + 0.0023 + 0.0025
LHCtopWG :
i arXiv:1709.05327
§ Charge asymmetry combination
| | | | | | | | | | | | | | | | | il | | | | | | | | | I | |
-0.02 -0.01 0 0.01 0.02 0.03

19 Rebeca Gonzalez Suarez (UNL) IMFP 2018


https://arxiv.org/abs/1709.05327

Ihe Run-1 legacy

> TOp mass: Flagship property!

» A variety of dedicated measurements (classic and alternative)

» Extremely precise £0.48 GeV (0.34%)

ATLAS+CMS Preliminary Miep SUMMary, Is = 7-13 TeV September 2017
LHCtopWG
CMS Preliminary May2016 | e World Comb. Mar 2014, [7] I S T—
stat total stat
b hadron lifetime :
l—+—l . += 1. + £.
TOP-12-030 (2013) 173.50 = 1.50 = 2.91 GeV total uncertainty Mygp * total (stat = syst) s Ref.
ATLAS, l+jets (*) 172.31+ 1.55 (0.75 = 1.35) 7 TeV [1]
Kinematic endpoints . +1.70 ; *
EPJC 73 (2013) 2494 @ 178902080 T 5 40 GeV ATLAS, dilepton (") 173.09 = 1.63 (0.64 = 1.50) 7TeV [2]
CMS, I+jets 173.49 = 1.06 (0.43 + 0.97) 7 TeV [3]
b-jet energy peak o 172.20 + 1.17 = 2.66 GeV CMS, dilepton 172.50 = 1.52 (0.43 = 1.46) 7TeV [4]
TOP-15-002 (2015) CMS, all jets 173.49 = 1.41 (0.69 = 1.23) 7TeV [5]
. I( ) . . .
Lepton+J/®¥ 175,50 + 3,00 1 0.90 Gov LHC comb. (Sep 2013) LHCtopWG 173.29 = 0.95 (0.35 = 0.88) 7 TeV [6]
TOP-15-014 (2016) ® World comb. (Mar 2014) 173.34 = 0.76 (0.36 = 0.67) 1.96-7 TeV [7]
L SecV ATLAS, l+jets 172.33 + 1.27 (0.75 = 1.02) 7 TeV [8]
epton+SecVix . +1.58 . . .
arXiv:1603.06536 (2016) ~@—  173.68 £ 0.20 -0.97 GeV ATLAS, dilepton 173.79 = 1.41 (0.54 = 1.30) 7 TeV [8]
ATLAS, all jets — 1751+ 1.8 (1.4 +1.2) 7 TeV [9]
Dilepton kinematics P 171.70 = 1.10 ¥268 _ o GeV ATLAS, single top 1722+ 2.1 (0.7 £ 2.0) 8 TeV [10]
TOP-16-002 (2016) ATLAS, dilepton 172.99 = 0.85 (0.41= 0.74) 8TeV [11]
TOP-15-001 (2016) N\ 0.93 ATLAS, l+jets 172.08 = 0.91 (0.38 = 0.82) 8 TeV [13]
CMS ths! shabe. 8 TeV o ATLAS comb. (ﬁ‘;:t?;;) 172.51 = 0.50 (0.27 = 0.42) 748 TeV [13]
+j shape, 8 Te . , ) , dil.
TOP-13.006 (5016) —— 169.80 = 1.10 *433 5 4q GeV CMS, l+jets 172.35 + 0.51 (0.16 = 0.48) 8TeV [14]
CMS, dilepton 172.82 + 1.23 (0.19 = 1.22) 8 TeV [14]
o(tt) 7+8 TeV 1.70 i 5 5
ar(Xi\),: e om0s (2016) l@— 17380 *170 _ . GeV CMS, all jets 172.32 = 0.64 (0.25 = 0.59) 8TeV [14]
______________________________________________________________________________ CMS, single top 172.95 = 1.22 (0.77 = 0.95) 8 TeV [15]
CMS 7+8 TeV (2015) ® 172.44 = 013 = 0.47 GeV CMS comb. (Sep 2015) 172.44 = 0.48 (0.13 = 0.47) 748 TeV [14]
arXiv:1509.04044 CMS, I+jets 172.25 = 0.63 (0.08 = 0.62) 13 TeV [16]
World combination {2] ATLAS-CONF-2013.077 [6] Eur.Phys.J.C75 (2015) 330 [14] Phys.Rev.93 (2016) 072004
ATLAS. CDF. CMS. DO -@- 173.34 £ 0.27 = 0.71 GeV (*) Superseded by results {4] Eur Phys.C72 (2012) 2202 (10] ATLAS-CONF-2014-055 {16] CMS.PAS TOR-17.007
arXiv:1403.4427 (2014) shown below the line (6] ATLAS.CONF-2013102 {12) antiirozorsss
I IR RN N NN S B A R A | ' R R T T R A I T N N N NN T NN N N SN N
160 170 180 190 165 170 175 180 185
m, [GeV]

Moo [GeV]
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Ihe Run-1 legacy

» Jop pairs produced together with other particles CMS preliminary February 2017

» Higgs, W/Z, vy, tt...

CMS Phys.Rev.Lett 112 (2014) 171802

» Achieved observation of ttV % Brt>2q N

CMS TOP-12-039, arXiv:1702.01404 (sub. to JHEP)

single top+ti, Br(t— Z u) -

> A number of new physics searches with top quarks single top+t, Br(t— Z ¢) .

» From FCNC in top, to SUSY scenarios, T’ ...

CMS TOP-14-007, arXiv:1610.03545 (acc. by JHEP)

P single top, Br(t— g u) -
o ) L single top, Br(t— g c) -
» But the possibilities are still unlimited
CMS JHEP04(2016)035
ATLtAS+CMS Preliminary November 2017 | B -
LHCtopWG single top, Br(t -
BR(t—> Hc) Each limit assumes that all other processes are zero BH(t—> YC) : g p ( - ‘YU) :-

S HER < single top, Br(t—yc)
Lot LEP % {1 -
& 107k TEVATRON ‘;%

10 CMS TOP-13-017, arXiv:1610.04857 (acc. to JHEP)

1074 ‘" Preliminary 1% ﬂ, Bf(t—) H U), H- WW.ZZ,tT,bB,‘YY -

o , Br(t— H c), H—> WW,ZZ,t,bb,yy q

i ATLAS i
" : [ 95% CL Observed Limit [} 10 Exp.Limit
10° CMS 3
T — 95% CL Expected Limit I:I 120 Exp.Limit
%10‘E ; ;?’ | lllllllI || lllllll | llllllll | llllllll | llllllll |
< 107 1e
A T N T 10° 10+ 10° 102 10" 1
10" 102 10° 10* 10° 0®° 10* 10° 102 10"
BR(t— He) BR(t— y0) Top decay Br (%)
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Run-2
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| HC pp data

» We are days before the start of the last period of pp collisions of Run-2, and we have:

90fb! at 13TeV

100fb! was the goal for Run-2, with 2018 still ahead, it will certainly be surpassed

CMS Integrated Luminosity, pp

Data included from 2010-03-30 11:22 to 2017-11-10 14:09 UTC

__60 : 60
- w2010, 7 TeV, 45.0 pb !
§_ m— 2011, 7 TeV, 6.1 fb '
> 0 — 2012, 8 TeV, 23.3 b ! | 150
'g — 2015, 13 TeV, 4.2 b !
€ 40 2016, 13 TeV, 40.8 b ! 140
g s 2017, 13 TeV, 51.0 b !
= 30} 130
o]
Q
)
S
m 20 B T 20
Q
)
£
— 10 B T 10
©
°
0 (\I (\I (\I (\I (\I / (\I (\‘ 0
A Y2 A ¥ N i A ¥ N i A ¥ A ¥
Date (UTC)
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The legacy that is to come will be even better

» Well into Run-2
»  We have a collection of results (1 will discuss the latest among those)

» But keep in mind:

» most of the data collected at 13TeV is not yet explored (we are about to jump into it!)
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Inclusive tt cross sections
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The bread and butter of top physics at the LHC

ATLAS+CMS Preliminary
LHCIOp WG o - summary, Vs = 13 TeV Nov 2017
NNLO+NNLL PRL 110 (2013) 252004 C L
"""" Mo, = 172.5 GeV, o (M) = 0.118:0.001 L
scale uncertainty total stat .
scale ® PDF ® a4 uncertainty 0, = (stat) = (syst) = (lumi)
ATLAS, dilepton ey ey 818+ 8 = 27 = 19 pb
PLB 761(2016) 136, L =3.2fb"
ATLAS, dilepton ee/pp. * S | 749 + 57 + 79 + 74 pb
ATLAS-CONF-2015-049, L _ =85 pb’
ATLAS, +jets * : mi— | 817+13= 103 =88 pb
ATLAS-CONF-2015-049, L, =85pb”
CMS, dilepton e 746 + 58 + 53 + 36 pb
PRL 116 (2016) 052002, L =43 pb™, 50 ns
CMS, dilepton ep o 815+ 9+38=19pb
EPJC 77 (2017) 172, L =2.21b", 25ns
CMS, l+jets 144 888+ 2+26+20 pb
arXiv:1701.06228, L =22 fb"
CMS, all-jets * — : : | 834+25+118+23pb
CMS-PAS TOP-16-013, L _ =253 o
NNPDF3.0 JHEP 04 (2015) 040
| | MMHT14 EPJC 75 (2015) 5
* Preliminary
: CT14 PRD 93 (2016) 033006
ABM12 PRD 89 (2015) 054028
[y(m,)=0.113)
I|III|III|III|III|III|III|
200 400 600 800 1000 1200 1400
o, [pb]

20

» Early measurements at any new energy
regime

» Deviations from the predictions would be
a clear flag for new physics

» but so far they are all consistent with
the SM

With a small fraction of the data:
Aoc/o = 4% and decreasing
(Run-1 legacy precision =3.5%)
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INnclusive tt cross sections: the oddballs

» Even in the most straightforward measurements, there is always space for creativity

» The two most precise cross section measurements at 13TeV so far are:

ott= 818 + 8 (stat) = 27 (syst) + 19 (lumi) pb (ATLAS dilepton)

Ott= 888 + 2 (stat) +26-28 (syst) + 20 (lumi) pb (CMS |+|ets)

» while the systematic associated to the luminosity does not limit our measurements now, it will likely

do so in the future

I I I | I I I I I I 1 1 I
ATLAS
13 TeV, 3.2 fb”

U data + total uncertainty
| data + stat. £ exp. uncertainty
| data + stat. uncertainty

A ABM12 —h—t
¥V CT14 : V-
Il NNPDF3.0 —il
® MMHT14 . @
O  ATLAS-epWZz12 —O——
[0 HERAPDF2.0 + {1
(NNLO QCD, inner uncert.: PDF only)
| | | | | | | | | | | | | I | | | 1 | | | 1 | | | | | | |
0.7 0.8 0.9 oot 42
0] |
Gti(13TeV) / 62(13TeV)
27

Cross section ratios
arXiv:1612.03636
tt/Z cross section ratios
systematics cancel in the ratio
power to constrain PDFs
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INnclusive tt cross sections: the oddballs

v

» Reference run for Heavy lons collisions at that energy

In November 2015, the LHC delivered pp collisions at 5.02 TeV

» Measuring the inclusive tt cross section provides a reference for future measurements tt in
nuclear collisions at that nucleon-nucleon collision energy

» without the need to extrapolate from measurements at different /s

Surprise 4s: 5TeV
1711.03143
ANo/o=12%

Also useful to constrain PDFs

(pb)

Inclusive tt cross section

102

10

| ®en7TeV(L=5f"

i |+jets 7 TeV (L = 2.3 fo)
$ en8TeV (L=19.7 o)

A l+jets 8 TeV (L=19.6 b
4 en13TeV (L=22f0")

® cu/up/l+jets 5.02 TeV (L =27.4 pb™)

CMS

. -1

A l+jets 13 TeV (L=2.2 b T en/np
— i b l+jets
— == NNLO+NNLL 80r @ cu/up/l+jets
B PRL 110 (2013) 252004 | e p—
B 60_ """" prossebresse
- " [INNPDF3.0 [l MMHT14
» 40?. CT14 ABMP16*
m 5.02 Vs(TeV)
B | | | | | | | | | | | | | | | | | |

2 4 8 10 12 14
(s (TeV)

28

Rebeca Gonzalez Suarez (UNL) IMFP 2018


https://arxiv.org/abs/1711.03143

INnclusive tt cross sections: the oddballs

» Later, we did measure tt production in actual Heavy lons collisions

» proton-nucleus collisions, pPb data

» center of mass energy of 8.16TeV

» First observation of the tt process using proton-nucleus collisions with > 50 significance

Inclusive tt cross section [pb]
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0 ey
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CT10+EPS09 O u+jets
CT14+EPPS16  @!+jets

NNLO+NNLL (Top++)
Czakon, Fiedler, Mitov, PRL 110 (2013) 252004
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| |
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Center-of-mass energy [TeV]
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1709.07411
Ao/o=18%
Paves the way for future measurements in

Heavy lons
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Differential tt cross sections
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Differential tt cross sections

. . . . . T 1 e Data ]

» Modelling uncertainties becoming very important § G e et —POWEGeE 3
= _ Fiducial phase space ..... MG5_aMC@NLO+Py8 -

. . 3 102 = Sherpa 2.2.1 —

» For top quark physics and for every analysis that has o St © Syst.Une.
top quark background g 10° :

» Differential measurements 10

» Interface theory, simulation, and the experiments

» Allow for comparisons with state-of-the-art predictions &
. . . p$[GeV]
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e ]
» Results in every final state, at all levels, covering boosted &l 000 200 300 400 500 600 700 600
and resolved regimes PriGe

arXiv:1801.02052
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Differential tt cross sections

> In general: good agreement with NNLO predictions and NLO generators

» Discriminating between models and tuning parameters already possible

CMS Preliminary 2.3 fb~1 (13 TeV)

°
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parton shower tuning Modelling studies
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Top quark pr: an unexpected feature

» The top quark pr is softer in data than in simulation

» Effect observed during Run-1, still present in Run-2
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boosted and resolved, |+jets
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Visible everywhere

» Appears clearly in ATLAS and CMS data
» It is improved (not fully fixed!) by higher order (NNLO) calculations

> [he effect is also smaller in simulation at higher orders (NLO)

2.1 (13 TeV)

1_l_l 10_1 FET T 171 I T T T | T T T I T T T | T 1T | T4
I E + Data With S‘ta"t+sys‘tE 1 5 T T T T T T 1 T 1 ] 1 1 1 1 1 ]
% B g!x!gn level e Stat ) % ! ® 4ot exclusive ||| stat.+Syst. unc. 3
(.2. i POWHEG P8 % T 14 ATLAS p V¥ 5-jet exclusive —— Stat.+Syst. unc. 3
MG5 P8[MLM] - alg 4, ¥s=13TeV,3.2f . 3
MG5 PS[FXFX] E E : ¢ 6-jetinclusive 7/, Stat.+Syst. unc. "3
—— POWHEG He+ ] 12 3
: ' e 7 E
; ; 1 Ll i ," ;///:;I'/;///;"//V;/, ﬂ/ -% --------- =
N TR Y i e Tt
104 ! 5 08 £ HH‘ X
- KRR SRR 07 - 2 , s
S RIS NI AR ST RN I B = ///;/;ﬁ;,/jz
1 T T ] 1 T 11 L 1 T 1 1 T 1 1 0.6 — d2td4% A
1.4} Statssyst II .......................... LT ] E | o | o FITTHITE
gs - S 2 S —— EW 0.5 =4—=—255 =5 20 40 £0 60 T00 500300 200 1500
e [ —
O|(m© 1 B oisisina O EEREHEHIITTITIHIHHRy . t,had
SO 08T \\\\\\\\\\\\\\\\\\\\ Py [GeV]
] e T
0 100 200 300 400 500 arXiv:1 2. 72
t : — oy
p; [GeV] in association with jets
arXiv:1708.07638 double differential
dilepton

34 Rebeca Gonzalez Suarez (UNL) IMFP 2018


https://arxiv.org/abs/1802.06572
https://arxiv.org/abs/1708.07638

Multl ditferential distributions

v

A new differential era

Bin events not in one
variable but in two (or
more) variables:

» Better constrains to
the MC by
disentangling effects

» Better constrains to
PDFs
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Studies with cha

rged particles (in or outside |ets)

» Recent
measurements
iInvestigating:

> jet constituents/
structure
variables

» multiplicity ana
Kinematic
variables of
charged-particle
tracks from the
underlying
event

» tuning of the
simulation

» sensitive to colour
effects, as
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Before you go: differentia

top quark mass!

» Not many properties results yet, we need
to understand the data very well first

» a first measurement of top width
(compatible with the SM)

» Direct measurement of the top quark
mass with 13 TeV data

» classic method (most precise value in
Run-1)

» Updated treatment of model
uncertainties

> The result includes differential
measurements

CMS-TOP-17-007
my= 172.25 = 0.08 (stat+JSF) £ 0.62 (syst) GeV
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Single top production
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Single top quark production

» The study of single top quarks is also well advanced in Run-2

» t-channel cross section at 13TeV ~ tt cross section at 8TeV

Inclusive cross-section [pb]

» Early measurements of t-channel (inclusive, differential)
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tW, N0 more a new process

> tW is entering precision regime and the differential world

» Remarkable for a process observed for the first time at the LHC in Run-1 (with 8TeV data)
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Rare top production
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tZg

5 n ATLAS e Data

» Single top tZ is a very rare single top process §% < (5 = 13 TeV, 36.1 o -
w 40 Z+jets
Diboson
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WX Uncertainty

» sensitive to the Z coupling and to new physics
(FCNC)
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» Evidence of the process, close to observation at 13 TeV 105— $W\:N\ \\\\\
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tZqg FCNC in the same signature: CMS PAS-TOP-17-017, ATLAS-CONF-2017-070
FCNC results in other channels, like: (t— Hq) arXiv:1712.02399 arXiv:1707.01404
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Events

Rare production processes becoming mainstream

» tt+V (W/Z), low cross section SM processes, Gt ~ 102 Otz

» sensitive to anomalous couplings & BSM effects, ttH background

» Both ttW and ttZ above 50 each, systematic and statistic uncertainty on the same ballpark
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» EFT interpretation

arXiv:1711.02547

owz = 0.99+0.09-0.08(stat)+0.12-0.10(syst) pb > 50
ouww = 0.77+0.12-0.11(stat)+0.13-0.12(syst) pb 5.30
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2015 data result from ATLAS: arXiv:1609.01599
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Exciting times ahead

> 4t production is a VERY rare production = 5 orders of magnitude less often than tt in the SM

» Future measurement useful test of analytical higher order calculations

> Before that & many BSM models predict an increase of the 4t cross section

» Particles decaying to top quarks or modified couplings, massive coloured bosons, composite

Higgs/top, extra dimensions, SUSY |[...]
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previously at 13TeV arXiv:1702.06164 and ATLAS-CONF-2016-020
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https://cds.cern.ch/record/2144537

Forward top production
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The dawn of a new era

» After a first observation of top quark production in the forward region in 2015
» LHCb has started to seriously measure top quark cross sections

» Very valuable complementary measurements to ATLAS and CMS

> 18F ‘
O 1.F — -
S 165 LHCb, (s=13 TeV_:
o 14F E
< L2 E
g 10F E
m 6F E
4F :
LHCb, f5=8 TeV e Sowe 65_._._$ A B wrar E
- 0 100 200 300
G('VV;-H?E):)’)' ! IO:)4WlO:)8I ' IOllI ’ lOll"l ’ lOIMl ’ lOll(')l ’ lOIISl — M(e“b) [GeV]
bl ol ol el
o guueeli—— arXiv:1803.05188
| : : | oto very recent dilepton measurement
= ’ ():)2 ’ ! : 0:)4 : ’ ’ ():)6 ’ ' I ():)8 I ! ’ ()Il I AO-/Oz 20%
4 4 4 . ——

syst and stat uncertainty on the same order
rXiv:1610.08142
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https://arxiv.org/abs/1610.08142
https://arxiv.org/abs/1803.05188

What will the future hold?
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Appetizers

Yukawa coupling
Snowmass: arXiv:1311.2028
Prospects for full LHC programme: Kt = 14-15% (300/tb)/ 7-10% (3000/fb)

FCNC
ATLAS: ATL-PHYS-PUB-2016-019

ATLAS Preliminary modiﬁed

mass
CMS: FTR-16-006
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Though the precision
already reached seems like a In the next months ATLAS and CMS will substantially enlarge
“ceiling”, during the LHC's the reach of the searches, beyond the LHC it can go even
lifetime we still can aim to further

go as low as ~200MeV
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http://cds.cern.ch/record/2262606?ln=en
https://arxiv.org/pdf/1311.2028.pdf
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2016-019/#figures

summary

> The study of the top quark sector remains an exciting topic at the LHC

> Precision measurements could be the key to unveil the answers to fundamental
guestions that the SM cannot answer yet

» The top quark offers a catalogue of those

» After a rich legacy from Run-1, we are about to attack a much larger body of data
» Run-2 promises to be even better for top quark physics

» Stay tuned to the results from ATLAS, CMS, and now LHCb!

> You can follow them all at the LHC top working group

https://twiki.cern.ch/tiwiki/bin/view/AtlasPublic/TopPublicResults

http:/cms-results.web.cern.ch/cms-results/public-results/publications/TOP/index.html

http://Ihcbproject.web.cern.ch/lhcbproject/Publications/LHCbProjectPublic/Summary QEE.hitml

https://twiki.cern.ch/twiki/bin/view/LHCPhysics/LHCTopWG
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