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+jets production,
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The top areas of study

Total and differential cross sections, Test
of production mechanism(QCD, EWK), tt

measure PDF

Precision measurement
of top mass, AM(t-tbar)

(CPT test)
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Couplings, branching ratios,
charge, width, W helicity, spin
correlations, charge asymmetry
associated production (ttW, ttZ,

ttH, tt+MET)
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The role of top in the Higgs era

ttbar is our monitoring for Do we interpret the top mass
gluon gluon fusion ! correctly when we match top,

W and Higgs Masses ?
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Are top properties consistent
with our view of electroweak
symmetry breaking ?

Is there any sign of new
physics in top
production and decay ?



THE INCLUSIVE CROSS SECTION



The ttbar cross section at hadron colliders
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Inclusive cross section computed at NNLO (+NNLL)
[Czakon, Fiedler, Mitov; 2013]
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Quick reminder on ttbar topologies

Lepton + jets = 34%
Low background

Main background:
W + jet

Dileptonic = 6%
Very low background

main background:
Drell-Yan

Top Pair Decay Channels

Fully hadronic = 46%

important background
from QCD multijet
events
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= muon+jets
o | © electron+jets
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Tau channels = 14%
Important background
from W + jet, QCD,
other ttbar decays




Quick reminder on measuring a
cross section

N

obs kag

o x BR(tt —topology) =
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Selection of ttbar in the lepton+jets
and dilepton channels

Require one (or two) isolated leptons

Lepton reconstruction and identification
efficiency measured from data (Z—2 |l) with tag-
and-probe technique.

Background measured from data using control
samples

— looser identification to get a background dominated
sample and knowledge of tight-to-loose ratio for
background leptons from another control sample

B tagging used to further reduce the background



example of data driven methods:
Tag & Probe

Tag and Probe (TP) is a method used with real
data to identify a physics object in an unbiased
way in order to study efficiencies.

One object, the tag, has strict criteria imposed
on it to identify it. The probe is another object
with looser criteria to meet, with an additional
property that links it to the Tag object to A
ensure a pure sample.

/—ee or Z—uu events are appropriate for TP

because one lepton, meeting tight criteria, can
be used as the tag, and the other canbea
probe, providing the invariant mass of the pair |

IS =m,

Important to keep the method unbiased: the
identification of the tag and the probe should
be uncorrelated



Tag and Probe (Example)

Tag Electron

\

Compute ECAL-tracker
matching efficiency

_ number of matched probes

eff =

ECAL number of probes

@ - £CAL-tower cluster

1. Find a good electron in a Z—ee event that meets Tag criteria

2. Loop over ECAL-tower clusters in the event with transverse energy above,
e.g., 15 GeV and calculate the cluster-Tag invariant mass (M)

3. The cluster satisfying, e.g. : 82<M<100 GeV is a Probe

1Z




Luminosity determination

0}
Rate = —
L

Interaction
_ . region
;‘\’1 ;‘\’2 f Bunch 1 ' Bunch 2
Aeff - -
Ny — Effective’area A — N

Beam intensities and crossing frequency are known with good accuracy

The effective overlap area A can be determined by scans in separation
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The method is known as “Van Der Meer scan”

056691

Details : LHC Report 1019 by Grafstrom Burkhardt hup:/edsweb.cer.chirecord/1




Leptons+jets and dileptons (e, u)

e Excellent background control thanks to jet categorization,
b tagging and in situ measurement of jet-energy scale

Events/0.5 GeV
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Other channels

tt =7+ u
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Inclusive top pair cross-sections

ATLAS+CMS Preliminary LHCTOpWG o
ATLAS+CMS Preliminary LHCIOpWG G summary, /S =7 TeV Sep 2015 €

NNLO+NNLL PRL 110 (2013) 232004, PDF4LHC

summary. {2 =8 TeV Sep 2015

NNLO+NNLL PRL 110 (2013) 252004, PDF4LHC o

....... My = 1725 GeV m.,:ins?:yv total stat
B scsie uncertsinty 7 Tev total stat o e uncoramy 8 Tev o (st ={eyst) 2gum)
scale @ PDF @ o uncertainty o‘z(stat)t(syst) +(lumi)
ATLAS, leptonsjete s 260=1°% =8 pb
ATLAS, HHets 179+ 449+ 7pb L-07 1" PRO 81 (2016) 112013, L =203 "
* +14 +8 -t
ATLAS, dilepton (*) 173£ 675 J7pb L0710 OMS prel, loptonsiots | | o { i 228-9'2 =10pb
ATLAS, all jets () | { 167+ 18+78+68pb L0 CMS-PASTOP-12008, L, =287
ATLAS combined 177+£3°3+7pb L-07-10 " CMS, lepton+t, e | 957.3.-24-7pb
)
CMS, Hets (*) 184+3+ 1247 pb L0311 ABTORINE Lustob
CMS, dilepton () 170£4+18:8pb L1110’ ATLAS, dilapton e [ 2424+17+55=75pb
EPJ C74 (2014) 3108, l._-eo.s '
CMS, T, 1 (1) 140£24£26£0pb L-11n
CMS, dilepton
CMS, alljets (%) 136+ 20£40+8pb L -11m" : (oo, np, e": - 2390=21=113=62pb
JHEP 02 (2014) 024, L, =5.31b
CMS combined 166+ 2+ 11+ 8 pb L~051.10" — S (Sop 2010
combined ep - - -
LHC combined (Sep 2012) 173+ 25 846pb L0711 e 2415 =14 =57 = 62 pb

ATLAS-CONF-2014-063, CMB-PAS TOP-14.018,

Lye=5.3-203 10"
ATLAS, |+jets, b—>Xuv 185+ 2+ 17+ 3pb L4710 CMS prel, dilepton .8 @
ATLAS, dilepton ey, b-tag 1820+ 3.1442+ 368 pb L_~456m" cusp:srap-aw. :.19.1n" i 2456=137,,=65pb
ATLAS, dilepton ep, N_ -ET™* 1812+28°31+33pb L ~46m"
- CMS, all jets E I E—
ATLAS, Tgjtets : 1 104:18:46pb L1710 CMS TOP-14.018, Lyga18.4 1" e 2756=6.1=378=72pb @
ATLAS, all jets i 188+ 12°2+7pb Lm47 1"
ATLAS, 7+ 183+9+23+3pb L 46" Egﬁgwmmmwm 42pb
CMS, Hiets 158+ 2+ 10+ 4 pb L2223 Lo o b i v o b b
cus. s ss21 e 200 sse @ 100 150 200 250 300 350 400
CMS, 1, ¢+ 143+ 14£22+3pb L 221" o [pbl
CMS, 1 tets 152+ 12+32+3pb Le~39m"
CMS, alljets | 130104262 3pb  L-asw’ e All channels covered and consistent with SM
(*) Superseded by results shown below the line (E::,:,,::H; imm ncertziny33pb .
| | L1 | | | | | | | I | | | I | | | I | | [ * GOOd agreement Wlth NNLO+NNLL
50 100 150 200 250 300 350 * Precision of ~4% (di-lepton channel), similar to
o [Pb] theoretical prediction
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Inclusive tt cross section [pb]
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use ttbar cross section for top mass and o

[arXiv:1307.1908]

Vs =7 TeV;og(m;) =0.1184
1

I L
—— CMS,L=23fb"
- === Top++ 2.0, ABM11
-emme TOp++ 2.0, CT10
......... Top++ 2.0, HERAPDF1.5 —]|
------- Top++ 2.0, MSTW2008

Top++20, NNPDF23

* Measure cross section in the most
precise channel: dilepton en b

* Use recent NNLO calculation (*) of
top pair cross section to extract m,

* Provides also a measurement of o,

 The method takes advantage of the

excellent luminosity knowledge at LHC
(~¥2%), which is also the long-term

S, (Pb)

Vs =7 TeV: m{® = 173.2 GeV
LA DL L L L LA L

experimental limitation, together with the R AL IS = R
o 2200 -4 Toprs 20, § e

knowledge of the LHC beam energy S T byl | ]
200 ...-. Top++ 2.0, HERAPDF1.5 ]

- ---m-- Top++ 2.0, MSTW2008 = e

m. = 176 7+gg GeV 180———:— T:::Z.O, NNPDF2.3 WESE .

t *h =2, . - - L e P

160 .

+0.0028 [ ]

as - O . 1 1 5 1_0 0027 140 A b i Lt 8 = —

" e eI .

12077 i -

U R I B B — = — B I
0.108 011 0112 0.114 0116 0118 012 0.122

Z

ag(m.)
(*) Czakon, Fiedler, Mitov, (2013) arxiv:1303.6254, PRL 110.252004




- a very precise point from ttbar -
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DIFFERENTIAL CROSS SECTIONS



Differential cross sections

* Important measurements, they
will play an important role for

CMS,50fb"atNs=7 TeV

‘P; I e/l + Jets Combined e Data
oy o . . . . 8 : —— MadGraph ]
— i) investigate limitations of present ... 2 S MC@NLO
. . L. '°| = ---- POWHEG
MC (which QCD predictionsand  —®

models describe our data best, in
the search areas like high m(tt)
and high multiplicities)

— ii) provide independent O e 200 gé[c)G v:q,];o
. . pt [Ge
interpretations (e.g. mass AND '
alpha_s from cross section)

— lii) sensitivity to high-x gluon (y(tt))

arXiv:1211.2220




Measurements of differential cross
section — unfolding is required

, CMS Preliminary, 12.2 fo" at /s = 8 TeV
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Top p; di

CMS, 5.0119.7 fb' at {5=7/8 TeV
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fferential distribution

Martijn Mulders, top2015:

CMS — consistent slope between
data and default MG+PY6 in all
channels, 7 and 8 TeV

Full difference counted as
additional systematic effect
(also for Searches, eg ttH)

ATLAS and CMS data appear in
good agreement at 8 TeV

ATLAS PWG+PY (hdamp=mt)

and other MCs do better than
MG+PY

23



Top p; modeling: the verdict @ top2015

Really NEW (last week,
A. Mitov et al.):

- [Preliminary]“ I . .
Rk | * Preliminary full NNLO
\ = e calculation seem to confirm
F =] ' observed slope, in direction
[ — closer to the data
3 liﬁ_ﬁ——@ = %Y

Full NNLO/NLO k-factor
vs top pT : a slope!



Other differential x-sections

CMS,19.7 fb"at {s= 8 TeV
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Ttbar and additional jets

e Study of QCD radiation pattern

arXiv:1404.3171
CMS,L=50fb at Vs=7TeV CMS,L=5.0fb"at Vs=7TeV
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ASYMMETRIES AND CORRELATIONS
BETWEEN TOP AND ANTITOP



A discrepancy ? ... Az in pp

* SM asymmetry from interference q q tt
(higher order QCD ~ 7%)

CDF Run Il Preliminary L = 8.7 fb™

O5F — I+Jets Data
=(8.9+2.6)x10™

04F NLO (QCD + EW) tt + Bkg
: aM—24x10

AFB

350 400 450 500 550 600 650 700 750
CDF Note 10807 M, GeV/c?




A a LHC = charge asymmetry

N(Aly|>0)—N(Aly|<0)
N(A|y|>0)+N(A|y|<0)

. © A A=l

* top / anti-top rapidity asymmetry at LHC from quark-antiquark annihilation, gluon-
gluon fusion, dominant process, intrinsically symmetric

14 TeV gg —tt (90%), qq —tt (10%)

* Important at LHC to study differential asymmetries, to enhance new physics

*Sum of t and tbar rapidity to disentangle quark-antiquark and gluon-gluon
fusion

ttbar invariant mass sensitive to new heavy states

*Transverse momentum of the ttbar system sensitive to interference due to
ISR

Tevatron

top A —
anti-top LHC A C




CMS PAS TOP-12-033

Charge asymmetry at LHC

19.7 fb™ (8 TeV)
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Killing models
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AFB

Gp : A new color-octet neutral vector boson exchanged in the s channel

W’ A charged color-singlet vector boson Z exchanged in the t channel in dd— tt
¢ : A color-singlet scalar doublet with hypercharge —1/2 exchanged in t channel
Q4 : A charge 4/3 scalar color sextet exchanged in the u channel

w4 : A charge 4/3 scalar color triplet exchanged in the u channel
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LHC A. Summaries

ATLAS+CMS Preliminary ~ LHCtopWG ~ Vs=7TeV __ Sept2015 ATLAS+CMS Preliminary LHCIOPWG (5=8Tev Sept 2015

- total stat

1 Swysmmetsy A =(stat) =(syst) tt asymmetry

ATLAS l+jets —— 0.006 + 0.010 + 0.005

JHEP 1402 (2014) 107

CMS l+jets H—e—t 0.004 = 0.010 + 0.011 ATLAS I+jets | 0.000 2 0.004 = 0.006
rXiv:1509.02358

ATLAS+CMS I+jets — 0.005 = 0.007 = 0.006 :

:G'_"lﬂ-:g dilepton 0.021 £ 0.025 20017 CMS |+jets template H-eH 0.003 = 0.003 = 0.003

JHEP 05 (2015) 081 . had i . . . arXv:1508.03852

GMS Jilepton, AR -0.010 £ 0.017 = 0.008 CMS I+jets b—e—i 0.001 = 0.007 = 0.004
arXw:1507.03118

T LO+E 0123 = 0.

“Pr;ea?cryn(zrjnwf W) o0 00002 Theory (NLO+EW) 0.0111 = 0.0004

lepton asymmetry —

. ‘ ATLAS I+jets boosted , 0.043 = 0.019 = 0.026

ATLAS dilepton b—ea—H  0.024 +0.015 + 0.009 M o070 IOV e 1 hil <2) , 3200

CMS dilepton e 0.009 + 0.010 + 0.006 ATLAS-CONF-2015-048

JHEP 1404 (2014) 191 Theory (NLO+EW) 0.0160 + 0.0004

Theory (NLO+EW) 00070 - 4 00003 JHEP 1201 (2012) 063

PRD 86, 034026 (2012) I I

= 5 5 ~0.05 0 0.05
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Latest news: Tevatron discrepancy
has gone ...

» At fixed order, state of the art is NNLO [Baernreuther,Czakon,Fiedler,Hey mes.Mitov '12-1
[talk by Heymes top2015

0-25 T T T 1 T .
Data =—s— » good perturbative convergence
pure QCD +=—+—
0.2 L QCD+EW +—w—
m » matching to NNLL resummation
eIl ¢ . . .
o 0.15} s QB QD improves (scale) uncertainty:
lg:.%::fgz-%s 5% —> 3%
—43 0.1 r ; ¥
& i o [ 1§ ° 1 % » improves on Tevatron Arp
0.05 | 0 8 5 asymmetry
“8 PPbar — tt+X
8 m,=173.3 GeV
0 . MSTW2008 pdf,
0 2 1] 6 8 10
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Spin correlations in ttbar

Another tool to investigate the production mechanism, possible only for the top quark
Investigating it now, but will become a precision tool with high statistics

gluon-gluon example at high boost
t A@ distribution in presence and absence

’ t )//‘ of spin correlations (parton level)

Ap.44:—l LI I LI I LI l LI I l- LI I | L l_-]_.-
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Y=o =9 S04k — omoem s
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g ( i o3- ] -
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— 036 ~16% =
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g t 38 3 E
= 0.3¢ ~16%
q ) 0285 v [ suppression:
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A¢ results from ATLAS and CMS

PRL 114, 142001 (2015)

CMSTOP-14-023

— — I CMS Preliminary 19.5 " (8 Tev)
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can extract limits to chromomagnetic dipole moments or to probe SUSY (stop)

-0.050 < Re(fi;) < 0.076 (95% CL) (CMS TOP-

14-023)
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SINGLE TOP



t-channel total cross section [pb]

10?

10

Single top t-channel

t-channel single-top-quark production
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single top polarization in t-channel
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single top tW channel

N
\\t\

categorization important !

Region
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Single top s-channel

Uses the Matrix Element method to squeeze

out optimal sensitivity...
2-jet 2-tag (~ 4.3% of s-channel)

I I
ATLAS Preliminary
e Data
5=8Tev ] ochannel

V223

Data/SM - 1
b oo
O
§+
-'Q\§—

0.0002 0.0018 0058 0.102 0.187 1

P(SIX)

Consistent with SM expectation:

theory __

7 o™ _5614022pb
2 150 1 T | ]
o | ATLAS Preliminary f'— dt=203 fb'1 ]
w : e Data - background :
100+ |:| s-channel Vs=8TeV —
: Post-fit bkg. uncertainty l+jets i
. y
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First EVIDENCE

of the s-channel production at LHC
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Single Top: the complete picture

-ATLAS+CMS Preliminary LHCtopWG B ATLAS tchannel -

PRDQO(2014) 112006 ATLAS-CONF-2014-007

— Single top-quark production Sep 2015 e CMS tchan —
JHEP12(2012)035 JHEP06(2014)090

-
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single top cross section vs sqrt(s)

|

|

. CMS

Preliminary

102 | ——
u Tevatron 1.96 TeV (L <9.7fb™")
B arXiv:1503.05027 ]
u A CMS7TeV(L=1.171561f") _
JHEP 12 (2012) 035
10

" CMS8TeV(L=19.7f")
JHEP 06 (2014) 090

® CMS13TeV(L=42pb™)
CMS-TOP-15-004, preliminary
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t-channel cross seciton [pb]

Single top in t and s channel sensitive to
different aspects of New Physics (tW, too !)
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Single top and |V,, |

ATLAS+CMS Internal LHCtopWG Sep 2015
V= o’“”‘“ from single top quark production
-
NL NN MSTW20
inao’ PRD%S 2011‘112 os?soe PHDBZ (2010) 054018, total theo.
PAD81 (2010) 054028
Ao, scale @ PDF
q’ mn‘c = 172.5 GeV If V) = (meas.) = (theo.)
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S PRD 90 (2014) 112006 (4.59 fo™')
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5 ATLAS-CONF-2014-007 (20.31b')
S~ CMS 7 TeV o 1.020 = 0.046 + 0.017
Qf JHEP 12 (2012) 035 (1.17 - 1.56 ™" )
CMS 8 TeV e 0.979 = 0.045 + 0.016
JHEP 06 (2014) 080 (19.7 ")
CMS combined 748 TeV o 0.998 = 0.038 = 0.016
JHEP 06 (2014) 090
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CMS 7 TeV . | 1017315 208
PAL 110 (2013) 022003 (49 1b™")
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ATLAS-CONF-2013-100 (20.37b')
CMS 8 TeV' p—t——— 1.03+0.12 = 0.04
PAL 112 (2014) 231802 (12.2fb")
LHC combined 8 TeV * — 1.06 = 0.11 + 0.03
ATLAS-CONF-2014-052, :
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paper in preparation (20.3fo™")
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ASSOCIATED PRODUCTION OF TOP
AND BOSONS (AND MORE ...)



Associated production of top pair and
vector boson

CMS TOP-14-021

ATLAS

arXiv:1509.05276

The ttZ process provides direct access to Z-top couplings

Both ttW and ttZ processes can be altered by BSM physics

Measured ttW and ttZ cross sections with 19.5 fb™! of data collected at 8 TeV
Measurement performed in multilepton (e or u) final states

— ttZ measured in channels with two, three, or four leptons, with exactly one pair of same-flavor
opposite-sign (OS) leptons close to the Z mass.

— ttW measured in in channels with two same-sign (SS) leptons or three leptons, where no lepton
pair is consistent with coming from a Z boson decay.

— full or partial reconstruction of the ttW or ttZ system with a linear discriminant that matches
leptons and jets to their parent particles using mass, charge, and b tagging information.
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CMS TOP-14-021

ttW e ttZ cross section measurements

Cross section (fb) Signal strength (u) Significance
Channels | Expected | Observed | Expected Observed Expected | Observed
sS 203788 | 4147135 | 10708 2.04*_“3:2‘1*?_“}:3% 3.44 4.89
3¢ 2031215 | 210728 | 10739 | 1.037 égggf f;’gg 1.03 1.03
Ss+3¢ | 20378 | 382711 | 10509 | 1887 %700l | 3.54 W O
Cross section (fb) Signal strength (u) Significance
Channels | Expected | Observed | Expected Observed Expected | Observed
0S 2067142 | 257188 | 107072 1.251”3:23;“_“}:{2) 1.84 2.12
3¢ 2067 | 25778 | 10798 | 1257 g‘;géjg; 455 5.1
4 2067355 | 228710 | 10707 1.111’3:;%“_“;:;2 2.65 3.39
OS+3¢+4¢ | 206°% | 24278 | 10703 | 11870710 | 573 C#z D>
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ttW e ttZ cross sections

600

CMS pPreliminary 80

500

ttZ cross section [fb]

100

0 100 3 200 300 400 500
ttW cross section [fb]

CMS TOP-14-021
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CMS TOP-14-021

ttZ couplings

ACA

SM
best fit

+
*

MS pPreliminary

Constraints on vector and axial couplings

1 1
Lett = Lom + L1+ 55L2+ -

A &

1

1 1
= Lom + A Y (ciOi+he)+-5) (¢O;i+he)+---
i

Constraints on dimension-6 operators

operator | best fit point(s) 10 CL 20 CL
CuB -0.07 and 0.07 {-0.11, 0.11} {-0.14, 0.14}
CHQ 0.12 {-0.07,0.18} {-0.33,-0.24} and {-0.02, 0.23}
CHQ -0.09and 0.41 | {-0.22,0.08} and {0.24, 0.54} {-0.31, 0.63}
CHu -0.47 and 0.13 | {-0.60,-0.23} and {-0.11, 0.26} {-0.71, 0.37}
Caw -0.28 and 0.28 | {-0.36,-0.18} and {0.18,0.36} {-0.43,0.43}
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ttV: Observation !

ttW: 3.2 6 (exp) 5.0 o (obs) TOP 2015 ttW: 3.8 o (exp) 4.8 o (obs)
ttZ: 4.50 (exp) 4.2 o (obs) ttZ: 5.7 o (exp) 6.4 o (obs)

_. 600 600 .
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4 NLO calculation® a
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|§ 20
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arXiv:1509.05276 + limits on 6D EFT operators
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The future of top-Z couplings

Stefania De Curtis et al., arXiv:1504.05407
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Fig. 17: Left: Predicted deviations of Z couplings to ty, and tgr in various NP models [ 143, 148]. Also shown are
the expected sensitivities of LHC (300 fb—tand 3000 fb—'), ILC and FCC-ee. Right: Comparison of statistical
precisions on CP conserving axial and vector form factors expected at LHC with 300 fb~—! [145] at ILC500 with
500]‘17_1 [147] and at FCC-ee with 2.4 ab=! [142]. The FCC-ee (ILC) projections are obtained at \/s = 365 GeV
(/s = 500GeV). In the case of FCC-ee lepton-angular and energy distributions are used, while ILC projections
are based on the use of beam polarization.

from White Paper of INFN-CSN1, published in Frascati Physics Series, May 2015
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Associated production of top pair

t

and scalar boson

CMS HIG-14-021

The ttH process gives direct access to the top-Higgs Yukawa

coupling.
The process can be altered by BSM physics

Searched with 5.1 fb! at 7 TeV and 19.7 fb1 of at 8 TeV

Measurement performed in several final states
— top pair all hadronic, lepton+jets, dilepton

— with H>hadrons, H=> leptons, H=> yy

— categorization includes H=>bb and H> Tt




Results for ttH search

CMS 1s=7TeV,5.0-5.1 fb";1s = 8 TeV, 19.3-19.7 f’
vy |- = CMS HIG-14-021
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Associated production of single top

and Higgs boson

CMS HIG-14-001

q q q q

e Potentially gives the relative sign of the top-Higgs Yukawa
coupling with respect to the Higgs-W coupling

* The two diagrams interfere destructively in the SM (0=18 fb),
but with flipped sign cross section increases by a factor 15

* Analysis performed in the H=>vyy channel

tHq — (t = blv)(H— 7y)g withl=e,u



CMS HIG-14-001

Results for tHqg search

Zero events found: an observed 95% UL is set at
4.1 times the expected cross section with
inverted Ct (= -1).

CMS Preliminary, L=19.7 fb'at {s=8 TeV
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Search for Dark Matter produced in

association with top pairs

* Dark matter could couple to heavy fermions

through contact interactions

 Search requires the presence of one lepton,
multiple jets, and large missing transverse energy.

19.7 fb™ (8 TeV)
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TESTING TOP DECAYS
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Measurement of the ratio
R=B(t - Wb) / B(t > Wq)

CMS, s =8 TeV, [L dt=19.7 fb"
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Measurement of the ratio
R=B(t - Wb) / B(t > Wq)

A lower limit R>0.955 at 95% CL is obtained after requiring that R<1

CMS, \s=8TeV, [Ldt=19.7 fb’
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Interpretation of R in terms of |V, |
and top width

e assuming the unitarity of the three-generation
CKM matrix R=|V,,|?leading to |V,,| > 0.975
at 95% CL

e combined with a measurement of the single-
top-quark production cross section in the t-
channel R yields an indirect determination of
the top-quark total width I',=1.36 + 0.02 (stat) 077 (syst) GeV

I — Ot.ch. . F(t — Wb)
t B(t N Wb) O.theor.

t-ch.




p(cos(6%)

V-A SM nature of the tWb coupling can be probed using 0*
@ompute cosb* to measure contributions from different helicities
dro//r relative contributions for SM are well known

different relative contrib. can indicate new physics
oinSMonlyVL#0andgr=g.=Vr=0

W helicity in top decays
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The tWb vertex : W helicity intop .

decays !
« The W helicity precisely predicted in the standard model: V-A "

structure of the decay

— Longitudinal W polarization FO = 70%, intimately related
to the ewk breaking mechanism !

— Left polarization FL=30%, Right pol FR =0

CMS preliminary
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Rare top decays: limits on FCNC t—=2Zq, t=2Hq

* FCNC searches requires statistics, promising for Run 2 and HL-LHC

— Current result from ttbar/trilepton searches: A t = Zq branching fraction greater than
0.07 % is excluded at the 95 % confidence level.
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— Search for t->Hc(u) decays with in the H>yy channel gives 0.47(0.42)% at the 95%
confidence level [TOP-14-019]
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Conclusions

e Top physics an important sector of
electroweak-symmetry-breaking studies

— A complement to direct Higgs measurements
e After first three years of top-physics results at

the LHC-top-factory, now entering a new
phase

* Entering uncharted territory in terms of

(statistical) precision, use statistics as a tool
to reduce systematic uncertainties
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oh, thanks for
POPPLNG e out of the
vacuum!

Sure,ma’am!
Have 50!4 seen awg NP
guys doww there?

Courtesy of Fabio Maltoni
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