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Anomalous coupling in Wtb vertex 2

General form of the effective Wtb vertex lagrangian:
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Where

fu,fy — Left and right vector couplings

f ; .f ? — Left and right tensor couplings
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Analysis setup

Setup: Int. luminosity 19.7 /fb at /s=8 TeV
MC Reweighting:

e Pile-Up
Selection: . B-tag
e Objects definition and selection .
follows CMS Top Group * Triggers and lepton
recommendations; ID/Iso

e and p channels

CMS preliminary, 19.7 fb™" at ys = 8 TeV

 Two jets with one b-tagged and one & o data
. . M~
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" 6000 Stat. Unc.
W
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https://twiki.cern.ch/twiki/bin/view/CMS/TopEventSelectionRun1

W boson helicity fractions 5

Expected distribution of the partial width of top quark decay:

1 dr 3 3 , 3 . 5
f e =21 — cos 6} )2Fp + §(1+c059f)2PR + 7 in” 0 Fo
!

F,,F,,F, —Left longitudinal and right polarization
fraction of the W-boson helicity

NNLO SM values: F,=0.311+0.005,
? F,=0.687+0.005,
F,=0.0017+0.0001

6, —angle in top quark rest frame
between the lepton 3-momentum in
W-boson rest frame
and the 3-momentum of W-boson




Top quark reconstruction 6

To calculate 6/, top quark 4-momenta is needed. For this purpose neutrino
longitudinal momentum will be found.

______________ ZPTIF’TI
1 . — v v
Where A= —%+pr, - Er , myy = (E+ E))* — (pr+p7)* — (pL+pY)?

Events with complex p, | are excluded from the analysis
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The fit method 7

CMS 19.7 b (8 TeV)

The Poisson likelihood function = -+ Data [C]W+jets )
~—~3000- gt (t-chan.) [ Others H*jets

w
AMGF \ pdata ., B [ ]t (other) []QCD
= (A7) AVCE Lo500- gt —J Stat. unc
£(F) = T] e st
_ ndatm
i€bins I " 2000

Where

data _ pumber of selected

data events in the bin i

AMC"F — expected nubmer of simulated events
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cos(6,%)

MC:EF  , bkg-other Wiets signal;?
‘?H' = A, +ﬁWjets X /’Li' “l‘f X /11' .

1
AN and A9 s the shapes of singnal, W+jets and other
backgrounds sources and are defined from simulation,
f  issignal normalization parameter (fixed to 1) and
Pwies  is free parameter for normalization W+jets background

Taking into accout Z F,=1, there are only three parameters in likehood function



Systematics 8
Sources of systematic uncertainties:
Experimental Modelling Normalization Method-specific:
JEC /JER e Generator choise ttbar e SM W helicities in MC
Unclustered MET e« Scale Single t quark ¢ Fixing signal
_ N normalization in the fit
PileUp e Top quark mass QCD multijet
. * Finite MC statistic
B-tag / mistag e PDF Electroweak
backgrounds ¢ Witb vertex bias from

Triggers SF
Lepton Id / Iso

Luminosity

W+jets shape
uncertainty

anomalous couplings



Standard Model results

Muon channel  Electron channel Combination Muon and electron channels Combmatmn
AFU A FL A F{) A FL A H] A FL ........................................................................................................
Experimental [0.010 0.009 | 0.008 0005 |0.010 0.010 - R = 0.298 + 0.028 (stat) £ 0.032 (syst),
Modeling | 0.025 0017 |0.025 0022 |0.025 0.020 ' Fo = 0.720 + 0.039 (stat) - 0.037 (syst),
Normalization | 0.002 0.008 | 0012 0014 |0.011 0.012
SMW helicities | 0.007 0004 |0.005 0.003 | 0.007 0.004 Fr = —0.018 £ 0.019 (stat) + 0.011 (syst) :
MC sample size | 0.026 0012 | 0.025 0015 |0.020 0012 SM values —0.311+ ,
tWbinprod. | 0014 0016 [0010 0018 |0011 0014 (NN\IZ Ol;, F,=0.31120.005, " czamecki at al.
Total 0041 0030 | 0.040 0036 | 0037 0.032 - F;=0.687£0.005,
F,=0.0017%=0.0001
CMS 19.7 16" (8 TeV) CMS 19.7 tb (8 TeV)
0.35~ - SM pred. (PRD 81 (2010))
i —
i [\ — Stat. unc. ~|33~ Combination
i || Syst. unc.
i = =N u+jets
0.3+ Total unc.
] e e+jets
- EE CMS (JHEP 10 (2013))
.« Data
0.25- ’ ' ATLAS (JHEP 06 (2012
L [ ] Stat. unc. ® ( (2012))
- —— Syst. unc. » CDF (PRD 87 (2013))
| —— Total unc.
0.2 + SM pred. Pros1 (2010)) *‘Eﬁ DO (PRD 83 (2011))
| | | | | | | | | | | | | | | | | | | 1 1 | ! | | | ! ! | ! ! ! ! | | ! ! ! | ]
0.65 0.7 0.75 0.8 -0.2 -0.1 0 01 0.2
F, Fr



http://journals.aps.org/prd/abstract/10.1103/PhysRevD.81.111503

Anomalous couplings in W helicity fractions 1°

The anomalous couplings can be obtained from partial width for the top decay into
a W boson with -1, 0 or +1 helicity:

2| = 2| = —
_ 9°lq]  9°lq] gl
Fo = 327 Ao, I'e = 327 (BU + 2-rn.t B ri:Wi°r
2
m
Where A4, = M; VL + [VaIP] (1 — 23y) + [lgc]® + lgrl?] (1 — z3y) |
W rw = \fw/mt?
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. If CPis conserved, the
r —Re (g L, R) . couplings could be taken as real


http://dx.doi.org/10.1016/j.nuclphysb.2010.07.012

Anomalous Wtb results 11
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https://cds.cern.ch/record/1528567
http://arxiv.org/ct?url=http://dx.doi.org/10.1007/JHEP10(2013)167&v=5bd4f2e5

Search for anomalous Wtb couplings and

12
FCNC in t-channel single-top-quark events
Setup —» Basic selection — > Reweighting
Preselected
events
[Qlthetal
n SM BNN SM
% input vars SM BNN output W}W measurements
2
.=
S
QCDh ¢
BNN =
2 a
7 Wtb BNN W Witb
2 input vars Wib BNNs output > ot % measurements
O
o

Published as CMS-PAS-TOP-14-007



http://cds.cern.ch/record/1702400?ln=en

Analysis setup 13
Setup: Int. luminosity 5/ fb at Vs=7TeV MC Reweighting:
e Pile-Up
* B-tag
Selection: T q DI
Objects definition and selection follows riggers and muon >0
CMS Top Group recommendations; * PDF

 muon channel only
e Two or three jets

e At least one b-tagged jet according to
CSVT, at least one untagged

Triggers:
HLT IsoMu 1 7_v*

HLT IsoMu24d v*
HLT IsoMu24 etaZpl v*

Drata-M{O
T (A

III-r-IIII|IIII|IIII|IIII|II

lt-chan
[Js-chan
CJtW-chan

— |mwox (UE

B Crrell-% an
OocD



https://twiki.cern.ch/twiki/bin/view/CMS/TopEventSelectionRun1

Multijet QCD suppression 14

 Estimation

e Multijet QCD background is estimated from the
data

e Modified event selection

e "Cleaning" procedure for jets, AR(l,jet)>0.5 or
removing jet

Suppression:
* Special neural network for QCD removing

« BNN_qcd > 0.7 cut
CMS preliminary, vs=7 TeV, L=5.0fb!

Signal efficiency

0.6

CMS preliminary, Vs=7 TeV, L=5.0 !

N T o
-------------- QCD BNN cuts
02l QD BNN cut vs sig.eff, """
I + (QCD BNN = 0.7 points :
% 0.2 RS —

QCD efficiency | QCD BNN cut

CMS preliminary, ys=7 TeV, L =5.0fb"
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010 =k | '
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High level analysis

15

Input variables :

Optimal variables method: Feynman diagrams structure analysis

Signal:

t-channel production (SM analysis)

Background:

All other processes (SM analysis) or left vector coupling ( f ff)

Data-MC

#Events

MC

2500

2000

1508

100

S04

L]
0.4

0.2
0.0
0.2
0.4

or

CMS preliminary, vs =7 TeV, L =5.0 fb™
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« Data
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[t
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B Wc
B WQQ
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Il Drell-Yan

[1QCD

one of f or f; coupling (Wtb analysis)

(Wtb analysis)



Systematics

16

Sources of systematic uncertainties:

Finite MC statistics

Luminosity

Marginalized:
Xsections

JEC

JER

Unclustered MET
PileUp

B-tag /mistag
Triggers SF
Lepton Id

Lepton Iso

Unmarginalized:

e (Generator choise

e Scale
e Matching
e PDF
Unmargmahzed ....................................

. uncertaintites are estimated
. with toy experiments.
. Pseudodata are constructed :
. with a best-fit value for t-
. channel x-section, not SM

- value.



Standard Model results 17

Type of uncertainty | Down uncertainty | Up uncertainty
Scale -1.51 % +3.39 %
Matching -4.06 % +4.06 %
Triggers SFs -0.0378 % +0.171 %
PDF -9 % +9.05 %
Generator -4.34 % +4.34%
Total unmarginalized -11.03 % +11.16 %
Marginalized -6.09 % +6.27 %
Luminosity -2.2 % +2.2 %
Total -12.79 % +12.99 %

observed +9.1 (+13.0%)
t —channel — =69.74 —8.9 (—12.8%)

t —channel

h NLO 2.1 +1.5 . .
oL e 265.9:).7 i1.7 pb  (Kidonakis)

O,_x,=67.2+6.1pb (JHEP12(2012)035)

Measured cross-section is used in anomalous Wtb couplings searches


http://arxiv.org/pdf/1311.0283.pdf

Anomalous coupling searching 18

L‘I { HTJT v d1 Lﬂ‘fl
V2 My

— _Lﬁ,},; (ferL+ ;‘{,‘PR) W, —

£ /3 (fTPL+I‘]RPR)I+I

: . . : L
For f 5 or f+ anomalous coupling additional BNN is trained to separate it from fy

(i.e. from Standard Model t-channel events)

2 different scenarios:

L R L _ ¢gR _
Searching for (fy > fv) , while LT and RT couplings are fixed to SM values (fr=fr=0)
Searching for (fy , fz) , while RV and RT couplings are fixed to SM valuesfy = f3 = 0)

Each scenario gives 1D limit for each coupling and 2D fit of couplings distribution



(LV,RV) scenario

19

CMS preliminary, Vs=7 TeV, L =5.0 fb"
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Observed (expected) 1D
limits at 95% C.L.:

| £5| > 0.90 (0.88)
|F8| < 0.34 (0.39)



(LV,LT) scenario

20

CMS preliminary, Vs=7 TeV, L=5.0 fb!
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Observed (expected) 1D
limits at 95% C.L.:

5| > 0.92 (0.88)
| fE| < 0.09 (0.16)



DO, single top only, 1,96 TeV

Anomalous Wtb searches results 21
CMS preliminary,\/s = 7 TeV, L. = 5.0 fb™ 2 =
€ > ‘DO, 5.4 fb [ 168% C.L.
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http://arxiv.org/abs/arXiv:1204.2332

Anomalous Wtb searches results
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CMS preliminary,\/s = 7 TeV, L = 5.0 fb™
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CMS, W helicity in ttbar, 7 TeV



http://arxiv.org/ct?url=http://dx.doi.org/10.1007/JHEP10(2013)167&v=5bd4f2e5
http://dx.doi.org/10.1007/JHEP01(2015)053

Summary 73

W-boson helicity is measured for 8 TeV in e- and p- channels
simultaneously

1D limits for LV, RV and LT couplings in Wtb vertex
2D limits for (LV,RV), (LV,LT) and (LT,RT)

CMS-12-020 is already published in JHEP
CMS-PAS-TOP-14-007 is published as a Physics Analysis Summary,

updated results with 7+8 TeV full datasets, limit for RT coupling,
""3D"' scenarios will be published soon as CMS-TOP-14-007 paper

Thank you for attention!
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Artificial Neural Networks (ANN) 25

ANN analysis:
Possibility for multi-dimentional analysis
High efficiency

Supervised learning Single-layer perceptron:

Neurons Connections

Bayesian Neuron Networks (BNN):
Bayesian treatment of probability:
output is interpreted as degree of belief

Ansambles of networks:
overfitting protection Input layer Output layer

Hidden layer
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