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Single top-quark production @ the LHC

* The top-quark is the most massive known fundamental particle (m,=173.3+ 0.8 GeV)
(arXiv:1403.4427), relatively young particle (discovery in 1995 at the Tevatron).

* Unique among quarks, it decays before hadronization starts > Possibility to study a
bare quark.

* Important to test SM, tune MC and constrain PDFs

e Access to CKM element \V,b\ through Wtb vertex.

* Principal background source to many new physics channels in HEP.

e Gate for new physics, it has a strong coupling with many exotic particles in Beyond
SM theories.

CMS Integrated Luminosity, pp
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Single top-quark production @ the LHC

Three single top-quark production channels through weak interaction:
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Important to measure all
the 3 channels for their
different sensibility to Whbt
vertex.

@ 13 TeV

With the increase of energy
and luminosity, the ability
to study process with very
low cross-section (“rare SM
processes”) at LHC became
possible.
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Outline

I
Only the newest single top-quark results by ATLAS and CMS will be covered here

t-channel tW-channel s-channel tZg-channel tyg-channel
7 Te\y PRD 90, 1120006 (2014) ATLAS-CONF-2011-204 ATLAS-CONF-2011-118
e
8 Tey EPJ-C77(2017)531 JHEP 01(2016)064 PLB 756 (2016) 228

JHEP 12 (2017) 017
(anomalous couplings)
JHEP 04 (2017) 124:
(polarisation)

JHEP 04(2017)086 JHEP 01 (2018) 63 PLB 780 (2018) 557
13 TeV EPJ. C 78 (2018) 186 (diff)
Paper in preparation (tW/tt

interference)
CMS t-channel tW-channle s-channel tZg-channel tyg-channel
7 Te\y ‘HEP12(2012)035 PRL 110(2013)0022003 JHEP 09(2016)027
8 Te\y CMS-TOP-15-007 PRL 112(2014)231803 CMS-TOP-13-009 JHEP 07(2017)003
CMS-TOP-14-014 (diff)
JHEP 04 (2016) 073

(polarisation)

13TeV CMS-TOP-16-003 (diff) arXiv:1805.07399 PLB7 79(2018) 358 CMS-TOP-17-016
PLB 772(2017)752 (submited to JHEP)
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CMS
Z Inclusive tW-channel @ 13TeV arXiv:1805.07399

Main Background

€+

Second largest single top-quark production channel at LHC.
e Studied decay mode:

* 2 isolated high p; Opposite Sign leptons (OS).

* 1 b-tagged jet.

. E;}is.s
Event categorization based on (n-jet,n-btag) after dileptonic
selection

/- x10° 35.9 fb' (13 TeV)

SR: dominant
background tt
events

CR: Enriched in
0 tt events
1e) 1.4
e
o 1.0 e S £ L eSS AN
5 O

0,0 (1o (1.1 20 @1 (22 (320
(Number of jets, number of b-tagged jets)
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CMS
Z Inclusive tW-channel @ 13TeV arXiv:1805.07399

Events

* Boosted Decision Tree BDT to separate tW form tf background.
* Binned maximum likelihood fit to extract the cross-section.

Simultaneous fit to the BDT output, in

SR: (1jet,1b-tag) and (2jets,1b-tag).

x10° 35.9 b (13 TeV)
[ CMS ¢ Data tW (u = 0.88)
L eiu¢ + 1j1 b . Non-W/Z - tt
10— oy VV+tV

L ggs Postfit Prefit
L uncertainty uncertainty
- — Prefit Data/MC

S5 ) KPR
N . vv‘vvmvvyvv‘ e

R
Brraass

7 8 9 10
1j1b BDT output bin

—_
N
w
Nl
Sy
o2}

The CR (2jets,2b-tag) is used to constrain
the main sources of background using the
distribution of the p;of the subleading jet.

x10°. ' 35.9 b (13 TeV)

CMS eipl“_L +2j2b ¢ Data
tW (n = 0.88)
[ Non-W/Z
Bt
DY
VV+itV
5% Postfit uncertainty
Prefit uncertainty
—— Prefit Data/MC

15

10

Events / 20 GeV

[ ]
Y VS0 070-90.0.9.9 .4

40 60 80 100 120 140 160 180
Subleading jet P; (GeV)
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Inclusive tW-channel @ 13TeV

...........

T T
ATLAS

! ]

Q;g; a) JHEP 01 (2018) 63 Vs=13TeV,3.2fb" Egvatuazms 10000§
I_ ) _ﬁ;{;‘: 8000
EXPERIMENT Diboson 6000

ATLAS has followed a similar

strategy using 3.2 fb* (2015). Lo -
8 } W Total unc.
5 1W;@»&w@%@y@%ﬂﬁ%&%/g%%mm)/m{,yw/w/wwmk/,,%
0.8_.0I6“.0.18‘“;.”1f2lu1r4l -0.15 - ; — 1.15
BDT (1j1b) response BDT (2j1b) response 2j2b yield
Main sources of systematic cmS
uncertainty: Y A@s JHEP 01 (2018) 63 Z arXiv:1805.07399
CMS .
« Lepton efficiency and Jet Ocus = 63.1+1.8(stat.) = 6.4(syst.)x2.1(lumi.)pb 10%
energy scale. O srins = 94 +10¢star.) t%g(syst.) + 2 (lumi) pb 29%
) lfn(l)l?;nfl iszcaat_lizr\]/arlat‘lons and O reory = 1171 8(scale) =3 A(PDF)pb (x) 5%
ATLAS . . . .
. Jet-energy-scale and Jet Both measurements consistent with the SM prediction
energy resolution. (%) (N. Kidinakis, arXiv:1506.04072)

* NLO ME generator choice. Blois2018 C. Garcia (IFIC-Valencia) 6




@ : . CMS
i ve Summary of single top-quark cross-sections Z

EXPERIMENT

B
* ATLAS and CMS measurement of the single top-quark production cross-sections in various
channels as a function of the center-of-mass energy.
* The measurements are compared to theoretical calculations based on:
NLO QCD, NLO QCD complemented with NNLL resummation and NNLO QCD (t-channel only).

~ ATLAS+CMS Preliminary ®  ATLAS t-channel

PRDS0(2014)112006, EPJC 77(2017)531,

- LHCtopWG JHEP04 (2017)086
B ® CMS t-channel

JHEP 12 (2012)035, JHEP 06(2014) 090,

PLB 772(2017) 752

~ Single top-quark production
November 2017 ___h_ O ATLAStW

PLB 716(2012) 142, JHEPO1 (2016)064,
arXiv:1612.07231

CMS tW
PRL110(2013)022003, PRL 112(2014) 231802,
% PAS-TOP-17-018

¥ LHC combination, tW

ATLAS-CONF-2016-023, CMS-PAS-TOP-15-019

é A LAS s-channel

ATLAS-CONF-2011-118 95% CL,

PLB 756(2016) 228

¥ CMS s-channel
JHEP09 (2016)027 95%CL
7+8 TeV combined fit 95% CL

Inclusive cross-section [pb]
O

------- NNLO pis 736(2014)58

scale uncertainty

P NLO + NNLL pross (2011j091503,

PRD82(2010)054018, PRD 81(2010) 054028
tW: tt contribution removed

scale @ PDF @ o, uncertainty

—— NLO npps205(2010) 10, CPC191(2015)74
w=u=m,
CT10nlo, MSTW2008nio, NNPDF2.3nlo

W: p[v veto for f removal=60GeV and u_=65GeV

scale uncertainty
scale ® PDF ® o uncertainty
my,= 172.5GeV

7 8 13 \[g [TeV]
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Differential tW-channel @13 TeV

E(b) > probe the top-quark production.

m(l,b), m(l,b) > probe the top-quark decay (angular

correlations due to spin correlations).
E(1lb), m(llvvb), m(Ilb) > prove the tW system.

* First measurement of the tW differential cross-section.
* SR:(Zjet,1b-tag) + cut on BDT output score to increase S/B.
e Measured as a function of particle-level observables
related with kinematic properties of tW and sensitive to
differences in the theoretical modelling:

EPJ. C 78 (2018) 186

1.5 ! ' Y /' 3
v, Total syst. unc.. / /
Wsstsns%
0.5 , | / |/ _
1j1b 2j1b 2j2b 1j0b 2j0b
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Events / 50 GeV

Data/Pred.
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4000 |
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a
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T T T T T T T T T T T
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[ _ -1 w
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[ 1i1b Z+jets
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T T [ T [ T T
3 % ., Total syst. unc. E
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Differential tW-channel @13 TeV |epi.c7s(2018) 186

EXPERIMENT

Main uncertainties cancel when normalise to the cross-section

B - ATLAS ¢ Data 2
SRR LA R T IU U R Largest uncertainties come from the data statistics and
L 0.004— —— Powheg+Pythiaé (DR)— 0
R I} tt and tW modelling
¢ [ _
3
= B 7 Observable E(b) m(€1b)  m(&b) E(££b) mr(E€vvb)  m(£Eb)
= 0.002(— + — Degrees of freedom 4 5 3 5 3 5
o 7 Prediction )(2 p x2 p x2 p Xz P X2 P X2 P
:+ ¢ : POWHEG+PYTHIA 6 (DR) 4.8 031 57 034 26 045 10 0.1 2.0 0.56 40 0.55
A R B B e e POWHEG+PYTHIA 6 (DS) 5.0 029 6.1 030 26 046 /9.1 0.11 \24 049 44 050
2 ' - ' ' | — aMC@NLO+Herwig++ 56 023 54 037 24 049 | 87 0.12 1.8 0.61 3.6 061
= —— Powheg+Pythia6 (DR) ------ Powheg+Pythia6 (DS)
1_5:_ _ | POWHEG+Herwig++ 6.2 0.18 81 0.15 23 052 k]l.O 0.05 }2.0 0.57 52 040
§§ §-—--L___J—| 1 POWHEG+PYTHIA 6radHi 4.8 030 53 038 25 048 \79 0.6 /19 0.60 37 0.60
. e ] 1 POWHEG+PYTHIA 6radlo 5.0 029 58 033 26 045 84 014/ 21 056 40 055
o5 L T —
2 — — 3 | * Reasonable agreement with MC prediction within
[ —— aMC@NLO+Herwig++ -~ Powheg+Herwig++ J
M E uncertainties.
3% —|_1—| E , ,
e = | | Slightly harder E(4/b) spectrum in data.
055 , , , .1 |°* Powheg+Herwig++ deviate slightly more from data.
200 400 600 800 1000 1200

E(¢¢b)[GeV]

Blois2018 C. Garcia (IFIC-Valencia) 9



Quantum interference tWhb/tt

As measurements and searches increase their sensitivity, they began to prove regions
of phase space that are not well described by separable leading order matrix element
calculations, that is the case of tWb production .

Same final state:
*Two opposite
sign leptons

*2 b-tagged jets
*Missing Energy

tWb (one resonance) tt (two resonances)

Due to their identical final states, processes with
ONE or TWO timelike top-quark propagators
interfere.
Blois2018 C. Garcia (IFIC-Valencia) 10



Quantum interference tWhb/tt »

The cross-secti_on for WWbb |Att| 1 |.Ath|2 1 QRQ{A Ath}

will be proportional to

Interference effects are estimated by comparing ad-hoc prescriptions :

arXiv:0805.3067 L
Diagram Subtraction (DS): Wbt takes entire expression, minus a
Wtb prediction ~ |Ath|2 gauge invariant —term ((p) that cancels tt “on average”.

arXiv:0805.3067 tWb prediction ~ |Att| + |Ath|2 -+ QRe{.A .Ath} ®

Diagram Removal (DR) :

Diagram Removal 2 (DR2): Recently, a generator of /Z'v/ vbb process was implemented
Wtb prediction in Powheg (fixed-order calculations with the full NLO +
2 . . . . .
~ | Asws|” + 2Re{ A7z Avwp }| | matched to PS) with an inclusive treatment - interference is
arXiv:1207.1071, arXiv:1607.05862 “automatically” included. arXiv:1607.04538
tt \mt
minimax _— |
mb{? - mln{max(mblfla mbzfz)a max(mblfza mbzfl)} // \“.\’i
mlnlmax . . . ‘f““‘f’ - Lth
ttatLO: m, m — mW (kinematic endpoint) —
Blois2018 C. Garcia (IFIC-Valencia) G T




[1/GeV]

do

Model/Data

Quantum interferences tWb/tt

Powheg+Pythia8 /'v/ vbb
(explicitly includes interference)
describes the data across the full
spectrum.

Powheg+Pythia8 tI+tW with
different strategies for the
interference are considered:

* In the tail ( m»"™** 2> m, ) DR
and DS predictions diverge, but
they are consistent with data at
20 level .

* DR2 describes well the data up
to top-quark mass but deviates
significantly for above.

T T T l T T T T l T T T T ] T T T T
i o | Data, stat. uncertainty |
s
107° e [] Full uncertainty =
- . Powheg+Pythia8 I"vIvbb -
- wWi [ Powheg+Pythia8 ttHW(DR)
i B Powheg+Pythia8 t+w(DS) |
107° = [&] MG5_aMC+Pythia8 tf+tW(DR2) =
: “ :
- %% _
"
*5%

107 i =
s . §:
) ATLAS Preliminary " &, 1
5| Vs=13TeV,36.1 1" Pk f'_
107°E Bp — FTbb+X E
- A ]

| | | I | | | | I | | | | | | | | I

2 : :
- T
: i SR !
1E & A‘ﬁt}" it’}‘ ii’*‘ i { ¥ } :
L A -

O L L L L
0 100 200 300 400

rnﬁinimax [GeV]

Main uncertainties:
Top modelling (tt, tW, tt+HF)
Jet-energy-scale, b-tagging efficiency
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tZg-channel

Y =

u
>

e Rare process: 2 orders of magnitude smaller that tW channel.
* Sensitive to tZ coupling and triple gauge boson WWZ coupling.
* Possible deviation may indicate physics beyond the SM (FCNC, anomalous
coupling).
e Trilepton final state:
* 3isolated high p;leptons.
* 1 b-tagged jet.
e 1 forward jet.
- Er.
* Main background from ttV, WZ and non-prompt lepton production.

g t

Blois2018 C. Garcia (IFIC-Valencia) 13



tZg-channel @ 13TeV

PLB779 (2018) 358

35.9fb" (13 TeV)

Two BDT based in observable for the
1b-taged jet and 2b-tagged jets
regions are used to enhance S/B + a

or WZ) is included in the input

weight for the hypothesis (signal, ttZ

S
CMs
1bjet

nnnnn

Events /0.2

CMS

] WZ+light

I tTV+TH+tWZ

W
o

variables (base on MEM). 2 9 ] 2
-1 -05 0 05 1
BDT output BDT output
S| T e SO
- N . W

NN Uncertainty

N
o

-

\\
SR sl

| T —

4

—
o

N
T

Neural Network is used to enhance S/B separation
with 10 variables. Training with a mixture of all BG,

except tt (low statistics).

Data / Pred.

E I I
%«\i\\\\\$\\\\\\2\\\\\\\\§\\\\$\\\\ AN \\R\\&&\\i\ \\\\\%

1 1 1 1 1 1 1 1 1
00 01 02 03 04 05 06 07 08 0.901

NN Blois2018 C. Garcia (IFIC-Valencia)
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@ PL B780 (2018) 557 PLB779 (2018) 358

tZg-channel@ 13 TeV

ocms(tllq) = 123'_"%?(stat.)f§g (syst.) fb 3.7(3.1)o obs.(exp.)
oatLas(tZq) = 600 + 170(stat.) 4+ 140(syst.) fb  4.2(5.4)0 obs.(exp.)

oM (tete~q) = 94.2713 (scale) 2.5 (PDF) fb

oM (tZq)=800" b

Main sources of systematic uncertainty
ATLAS: * First evidences of tZg production

from two collaborations.

*Jet-energy-scale.

*PDF and tZq g, p¢scale variations . . .
CMS: e Results are consistent with the

*Background normalization. SM predictions.
* tZq Us, U Scale variations .

Blois2018 C. Garcia (IFIC-Valencia) 15



% tyg-channel @ 13TeV [ cwstori7ois Q

e Rare process: 2 orders of magnitude smaller that t-channel.
* Sensitive top-quark charge and top-quark electric and magnetic dipole moments.
* Possible deviation may indicate physics beyond the SM.
* Final state:
* 1lisolated high p; muon.
e 1isolated photon.

* 1 b-tagged jet. .
Main back d:
e 1 forward jet aih backgroun

. miss * Jet misidentified as photon <« Real photon
Pr tt, W+jet, Z+jet tt+y, Wy+jet, Zy+jet

Blois2018 C. Garcia (IFIC-Valencia) 16



% tyg-channel @ 13TeV [ cwstori7ois Q

359 (13 TeV)
L L L L L L L L B L B
1000: CMS ) & Data B vy
Preliminary [ stat® Syst [ Zyjets
[ signal (tyj) [ Vvy
I ty(e-. tW-) [ Wisidentified photon
I:Ime

e Two BDTs are used for:
* SR (1 b-tagged jet) and
* CR (2 b-tagged jets) to get tt+y
background. 600
* A binned likelihood to extract:

B(t— puvb)o(tyj)

Events

800

400

200

IIIIIIIIIIIIIIIIIIIII

First evidence of the single top-quark

production in association with a photon in %1,5_ A
the t-channel. § R TR \
0.5 . ‘ . o . . . . >
0 1 2 3 4 5 6 7 8 9 10
BDT output
: 33

B(t— pvb)o(tyj) = 115+ 17(Stat)+ (SYSt) fb Main sources of uncertainty

Corresponding to a significance of 4.4 (3.0)o obs. (esp.) * Jet energy scale.

 Signal modelling.

| ith the SM prediction of BT L4 b |, /0o
nagreement with the pre iction o . b-tagging.

Blois2018 C. Garcia (IFIC-Valencia) 17



. CMS
£ Conclusions Z

ATLAS and CMS have measured the single top-quark production cross-
sections in various channels for various centre-of-mass energies.

NEW MEASUREMENTS @ 13 TeV

* New result on tW-channel for inclusive and differential cross-section has
been presented.

e ATLAS has developed a novel method to distinguish different for the first
time models of the interference between tt and tWhb processes.

* First evidences of tZq production from the two collaborations.

* First evidences of tyq production from CMS.

* All measurements in good agreement (within uncertainties) with the
state-of-the-art theoretical predictions.

Blois2018 C. Garcia (IFIC-Valencia) 18
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A@L Probing Wtb vertex from the cross-sections Z

EXPERIMENT

The single top-quark prgduction cross-sections are
proportional to |fLVV,b|.

In the SM, Vu is very close to 1 and
exactly 1.

New physics contribution could affect the valour
of

va value is

LV.

fLVth —

Measurement is independent of assumptions about
the number of quarks generations or about the
unitarily of the CKM matrix.
Assumptions for the extractions:
* Wtb interaction is a SM-like left-handed weak
coupling.

i.e. BR(t=>Wh).

* |th| >>|th| ’|Vts ’

|vath| results from all three single top-quark
production processes are in agreement with the
SM predictions.

Blois2018 C. Garcia (IFIC-Valencia)

(o}
ATLAS+CMS Preliminary | v, | = 5222 from single top quark production May 2018
LHCtopWG
Oiheos NLO+NNLL MSTW2008nnlo
PRD 83 (2011) 091503, PRD 82 (2010) 054018,
PRD 81 520103 054028 ——
Ay, scale ® PDF total theo
Myp = 172.5 GeV
[fLyVpl = (meas) + (theo)
t-channel:
ATLAS 7 TeV I—!-'-|—| 1.02+ 0.06 + 0.02
PRD 90 (2014) 112006 (4.59 fb™'
ATLAS 8 TeV "™ H—-—H 1.028 + 0.042 + 0.024
EPJC 77 (201 7)531 (20.2fb™'
CMS 7 1.020 + 0.046 + 0.017
JHEP 12 ( 012) 035 (1.17 - 1.56 fo™'
CMS 8 0.979 +0.045 +0.016
JHEP 06 (2014) 090 (19.7 fb™'
CMS comblnatlon 7+8 TeV 0.998 + 0.038 +0.016
JHEP 06 (2014) 090
CMS 13 TeV? 1.05 + 0.07 + 0.02
PLB 772 (201 7) 752 (2.307")
ATLAS 13 T |—|..-|—|E 1.07 +0.09 + 0.02
JHEP 04 (2017) 086 (3.2f7")
W o 15
ATLAS7T . N S E— 103712 +0.03
PLB 716 (2012) 142 (2.05fb™") :
CMS7 H 1.01+016 +0.03
PRL110 (2013) 022003 (4.9f™) l ; -0.13 -0.04
ATLAS 8 T ; 1.01£0.10 £ 0.03
JHEP 01 (2016) 064 (20.3fb™")
CMS 8 TeV' . 1.03+0.1210.04
PRL 112 (2014) 231802 (12.21b™")
LHC combination 8 TeV iHctopwa 1.02 +0.08 +0.04
ATLAS-CONF-2016-023,
CMS-PAS- TOP 15 019
ATLAS 13 I : } } | 1.14£0.24+0.04
EPJC 78 (2018) 186 (38.2f7") :
s-channel: :
ATLAS 8 TeV’® } . i 0937078+ 0.04
PLB 756 (2016) 228 (20.3 fb™") :
! including top-quark mass uncertainty
% 6,.,: NLO PDF4LHC11
NPPS205 (2010) 10, CPC191 (2015) 74
including beam energy uncertainty
1 1 1 I 1 1 1 | 1 1 1 | 1 1 1 f 1 1 1 I 1 1 1 | 1 1 1 | 1 1 1 |
0.4 0.6 0.8 1 1.2 1.4 1.6 1.8
|fLVvtb|
20




@ Quantum interference tWb/tt

EXPERIMENT

Novel method to distinguish different models of the interference between tt and tWb

 The contributions from doubly- and singly-resonant amplitudes (and hence also
their interference) to the combined cross-section depend on the invariant mass of
the bW pairs in the event (m,;,)

* The lepton is used to proxy the W.

* Differential cross-section is measured with respect to the mass of a b-jet and a
lepton ()

* There is ambiguity in forming this mass, so:

mglél)nlmax = min{max (myp, ¢,, Mp,¢, ), MAX(Mp, £y, Mpyr, ) }

ttbar at LO: m‘fb‘“él,rllmax \/m? — m‘%v, (kinematic endpoint)

The region above the kinematic endpoint will be

highly enriched in tWb . tWb

iﬁ_‘

/ .

minimax
mbg

Blois2018 C. Garcia (IFIC-Valencia) 21



@ Quantum interferences tWb/tt

EXPERIMENT

Signal ttbar + tWb Rejection of low * Dominant BG in the hight mass region is tt +
Events with: resonances and Z+jets: Heavy Flavor (HF) with a b-jet form t-quark
« 20S leptons. m(ll) <10GeV not b-tagged. '
« 2b-tagged jets. * Evaluated for 3 b-jet events (CR), the mass
e m(il) - m(2)| <15GeV variable is calculated from the 2 b-tagged
T jets with highest Q
> T T T T I T T T T | T T T T | T T T T =
8 10*-ATLAS Preliminary ¢ Data ~ CJW(OR) | N
~ E (=18 TeV, 86.1 1" W ((DS) I E % I ATLAS Preliminary & Data [CJtW (OR) 1
@ " Signal region CIft+HF B Z+jets ] G 40[-ATLAS Preliminary ¢ Data []tW (DR) -
S - lgnatreg EMisID  [@Other g [ letareveernt LIWHELIM ]
o 10 —+Total (DR) -+ Total (DS) — 5 [ '69'0'1 EIOther s Total (DR)
- 3 | Predictions given ! E
P _| | for both DR and DS i \ ]
E —— = —
- = | schemes for tW. ]
10§— = wiﬁEl 2 | High purity in tW -
Ay «———)| events in the tail of
I .= the distributions. | &
s e ' | | .
o 1.5F 3 g o 100 200 300 400
R | - e = i [GeV]
% 0.5 | | | =
& 0 100 200 300 400

m"™ [GeV] . Garcia (IFIC-Valencia) 2



A@é tZg-channel @ 13TeV PL B780 (2018) 557

EXPERIMENT

[
Selected events:

* 3leptons tZg-> (t>blv)

e Zcandidate
 1bjets + 1 untagged jet

SR:

my; — m,| < 10 GeV (OSSF)

(Z>1"1) g e mp(ly,v) > 20 GeV

VR to check BG modelling:
* Diboson: 1 jets (0-btagged j)

CR to normalize BG:
* Diboson: my(fy,v) >60 GeV
e tf: >1 OSDF pair and not OSSF, 1b-tagged j

. . s F7 amas U Dam ]
Neural Network is used to enhance S/B separation 350 5 137ev.36.1 1" zq =
. . . . . . RN 8N I (Ftw ]
with 10 variables. Training with a mixture of all &, A\\ Z.jets E
. L. Diboson n
BG, except ttbat (low statistics). - W (TVATHAWZ ]
30— W Uncertainty
o B000E e ' T Daa = C ; 3
% 25002— Vs=13TeV, 36.110" -:;zf,w —i 20:_ _:
L%) ZOOOf— Diboson Validation Region g;)js;n —f - $ ]
I I (TV+tTH+tWZ ~
1500 Uncertainty ~ — 10__ \\g\\ \\&\\\\ \
s E C \i\_
1000;— _i

500 : = g 2]
) 0: ,W‘],—'"j_z_ 3 & e
I _ *‘\*‘\?“;\\\*\W\\\\\\\*\\%\\
© 0 01 02 03 04 05 06 07 08 09 1 e ol b e L L L [ B
e O 0 01 02 03 04 05 06 07 0.8 09 1
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% tZg-channel @ 13TeV PL B779 (2018) 358

Similar analysis carry out by CMS with regions defined according with the jet and b-jet
multiplicities

tZq-> (t>blv) ttZ> (t>blv) (t>blv) | | WZ> (W-Iv)
(Z>1"1) g (Z>171) (Z>171)
3 leptons + 1bj 3 leptons + 2bj 3 leptons + 0bj

For each event, a weight for the
hypothesis:  signal, ttZ or WZ, base on
Matrix Element Method (MEM) is included
in the input variables.

Two multivariate discriminators (BDT) based in
observable for the 1b-jet and 2b-jets regions are used
to enhance S/BG.

35917 (13 Tev)
L A N

¢ Daia ] CMS Simulation 35.9 b (13 TeV)
B Zq ] L M et s

B NPL 0.6§ i — zi‘gna:( ith MEM) E
0.5 1bjet — B:ckground = 20%
C = Background (with MEM) = . .
improvement in
the expected
significance
using MEM

Events /0.2
Events / 25 GeV

0.4F

0.3F

Normalized event distributions

0.2F

0.1F

Pulls
Pulls

et b b b b b B b 1y a i
-1 08 06 04 02 0 02 04 06 08 1

0

1 05 0 05 1 - )
BDT output BDT output m¥ [GeV]

BDT output
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Inclusive tW-channel @ 13TeV

CMS-TOP-17-018

Source

Uncertainty (%)

TLAs | JHEP01(2018) 63

Experimental

Trigger efficiencies
Electron efficiencies
Muon efficiencies
JES

Jet energy resolution
b tagging efficiency
Mistag rate

Pileup

Modeling
tt yr and pE scales
tW pr and pp scales
Underlying event
Matrix element/PS matching
Initial-state radiation
Final-state radiation
Color reconnection
B fragmentation
Semileptonic B decay
PDFs
DR-DS
Background normalization
tt
\'AY%
Drell-Yan

Non-W/Z leptons
A%

MC finite sample size
Full phase space extrapolation

Total systematic
(excluding integrated luminosity)

Integrated luminosity
Statistical
Total

Source Aow [ow | %]
§; Jet energy scale 21
g; Jet energy resolution 8.6
i:i E-'f-l“ soft terms 5.3
0.2 b-tagging 43
>3 Luminosity 2.3
Lepton efficiency, energy scale and resolution 1.3
giz NLO matrix element generator 18
[1):2 Parton shower and hadronisation 7.1
g:g Initial- /final-state radiation 6.4
ig Diagram removal /subtraction 5.3
15 Parton distribution function 2.7
3 Non-tf background normalisation 3.7
Total systematic uncertainty 30
: Data statistics 10
31? Total uncertainty 31
16
10.1
33
28
111 Blois2018 C. Garcia (IFIC-Valencia) 25
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Differential tW-channel @13 TeV

I
Unfold with iterative Bayesian method

ATLAS

E(

L B o

(105b)

mr(l10ovD)

?n(flfgb)

P T LA BLELELELE BLELELEL A BLELEL RN BLELELE e Frrrr1rrrroo TTT rfrrrrjrerers ™ TiTvirrrvreroy T rrrvrrprerorey
> T ATLAS ¢ Data ] 2 L ATLAS ¢ Data - [ ATLAS ¢ Data ]
o 001 513 Tev, 36.1 fb Total uncertainty £ 001 {s=13TeV, 36.1 fb” Total uncertainty | L {s=13TeV, 36.1 fb" Total uncertainty |
E..ﬁ’ i —— Powheg+Pythias (DR) | = - l —— Powheg+Pythiaé (DR) - —— Powheg+Pythiaé (DR)
‘ - - = L i 0.01— —
5 4 E | _ i

° = - b +
5 1 8 - I ]
— 0.005 — % o0.005- \ _| i
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_ L B + :
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A@ Differential tW-channel @13 TeV | epi.c78(2018) 186

EXPERIMENT

I
Unfold with iterative Bayesian method

771-(61 b) m(égb) ])?S(élfgb’b)
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A@ Differential tW-channel @13 TeV |ers.c7s(2018) 186

EXPERIMENT

_ ATLAS — Total uncertainty .
. {s=13TeV,36.1fb" Total syst. .
----- Stat. uncertainty
—— Jet energy scale

Relative uncertainty

1= 00 . Jet energy resolution

I — tW model 7

n —— tt model |
s Other syst. |

‘0-5 I S e TLL L L O —

E(z¢b) [GeV]
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@ Quantum interferences tWb/tt

If the "A pairing" is correct: Consider now tWb events:
Both m}i' < m, and mit < my If the "A pairing" is correct:
2A
and thus max{mbg ,mii } < my| | One of mii or mi; mustbe < m,

But, can have max{m ;', m?'} > m,

If the "B pairing" is
correct then must have:

max{mjy’, mig' } < my

C. Herwing- LHC Top WG Meeting
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