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http://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-12-040/index.html

EFT and Anomalous Couplings approach

e Effective Field ;Ifheory approach:
Lop = Lom + Z L 0. Nucl.Phys.B 268 (1986) 621-653

A2 Z. Phys. C31 (1986) 433-437
- operators that contribute to the Wtb vertex:
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https://inspirehep.net/literature/218149
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AnomWtb couplings search at CMS

* CMS Single Top group used this approach for the experimental searches
for the Anomalous contribution to the Wtb vertex arXiv:1610.03545

* Results: 2D and 1D limits on the Anomalous Wtb couplings for 3
scenarios: (Lv,Rv), (Lv,Lt), (Lv, Rt)

CMS preliminary, s = 7 TeV, L = 5.0 fb™

(LV RV) L | >0.97 (0.92)
IR | <0.28 (0.31)
(L L | >0.92(0.92)
e
L] < 0.10 (0.14)
(L ,R) R ' L,| >0.94 (0.93)
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http://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-14-007/index.html

AnomWtb: CMS analysis

* «Search for new physics in top quark production in dilepton final states in proton-

proton collisions atvVs= 13 TeV»

- dilepton final state

- EFT effects in the top quark production, not in the decay

- the rates of tW and tT production are used to probe the

- variations in both rate and kinematic distributions:

Eur. Phys. J. C 79 (2019) 886
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coupling Best fit  [68% ClIJ [95% CI] Best fit  [68% ClI] [95% CI]
ce 014 [-082,051] [-1.14,083] 000  [-090,0.59] [—1.20,0.88]
C a2 e ~018 [-073,042] [-1.01,070] 0.00  [—0.82,051] [-1.08,0.77]
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http://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-17-020/index.html

Top pair and Single Top production

Leading order (LO) process 2—2: tW-production

W

* Next to leading order (NLO), O(1/log(mt/mb)), 2—3: tWb-production
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Figure 1: Diagrams for the process gg — thW™.
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.121.152002

Different schemes for tWb processes highlighting

DR1 (Diagram removal scheme) JHEP0807:029,2008
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DR2 (Diagram subtraction Scheme) Phys. Rev. D 61, 034001
Y ™ [&--- t t ——y t R — ——
R o C T e
N R S - & ] t P vl t - 1\ - A
G = t Lt el « _H{H_ ___________ “l_?’_:i\%_ G [ e -~ ¢ x“\\-ﬂ-_, -7

DS1, DS2 schemes

EPJC 77, 34 (2017)

- introduction of the local subtraction term:
- cancel the ME from double top production
- gauge invariant : :
- decreases quickly away from the resonant region |Am'h|‘]%.::.; — |~41f + Asy 1% — Cay



https://arxiv.org/abs/0805.3067
https://arxiv.org/abs/hep-ph/9909352
https://arxiv.org/abs/1607.05862

doidP(1), 1/GeV

couphngs searches?
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- top pair production is also sensitive to the . o
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diagrams removal)

Schemes for tW processes highlighting (2)

What is the most preferable scheme of tW hlghhghtmg for the AnomWtb

By Vi (FoPL+ FEPR)IW,

The IDEA is to separate double and single top
resonant contributions to tWb final state using

Neural Networks
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https://www.epj-conferences.org/articles/epjconf/abs/2017/27/epjconf_qfthep2017_04004/epjconf_qfthep2017_04004.html

tWDb final state: Monte-Carlo simulation

* For DNN training: separate sets of events
* Hereafter: a) leading subprocess gg — ... b) all decays iincluded
0 diagrams in total, 4 sets of events:
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NN training: kinematic variables

for different processes.

2050119

cos(u,u)_RF(v,u,b)

* For DNN training: different kinematic variables with different behaviour
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https://inspirehep.net/literature/582249
https://link.springer.com/article/10.1134/S1063778808020191
https://link.springer.com/article/10.1134/S1063778808020191
https://arxiv.org/abs/2002.09350
https://arxiv.org/abs/2002.09350
https://arxiv.org/abs/2002.09350
https://arxiv.org/abs/2002.09350

DNN results: separation (1)

* DNN classification:

0: double top resonant processes
1: single top resonant processes
dnn_Discriminant
Zlz E T 7 B & % | IR B P R I
030 [tV
— Tt _ t
- 'L; | —t_tW
{J,Iﬁ_—i : ]
- | -
{:_zn_—é : —
= | E =
n_lﬁ:—i ! _:
—1 | 7
o0 | =
0.05 E—: h! -3 _:
1 i 3 P ]
| M =
il ;,----.,H.......mu~m::ﬁm::-m"-m—wwu«m*ar:'::::".:':‘::‘;.-+---.--v-.-——.'-q =
0.0 0.2 (r4 0.6 0.8 1.0

dnn_Discriminant
NN separation power
* DNN successfully separates double and single resonant contributions to
tWb final state
* tT and tW interference “smears” between clasiified events



DNN results: separation (2)

e DNN discriminant cut:
< 0.9: double resonant contribution

dnn_Discriminant

>= 0.9: single resonant contribution

dnn_Discriminant
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Ceuenne, |10

Mogens Cymma, |16
DNN < 0.9 | DNN = 0.9
“tt” 14.94 0.26 15.20
“tW+" DR1 0.26 0.44 0.7
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“tt tW” 15.18 0.84 16.02
uarepdgepennns | -0.28 (1.8%) | -0.30 (36%) | -0.6 (3.7%)




DNN results: distributions
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DNN DELPHES kinematic variables

® Delphes simulates the detector response, HL.-LHC card
e Kinematic variables are blurred:
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DNN DELPHES results

e ParticleFlow jet collections and b-tagged jets =2
® Two DNNs ttbar against top and ttbar against antitop output as kinematic
variables
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Conclusion

Neural Network method to separate double and single resonant top
production contributions to tWb final state is presented

Kinematic variables with different behaviour for separating processes are
used for DNN training

DNN successfully separates double and single top quark contributions to
tWD final state

The method has some advantages in comparison to artificial procedures
(DR and DS schemes) which are used before

Different regions of phase space with double and single resonant
contribution separated by NN can be further used for Anomalous Wtb
operators contribution to Wtb vertex searches analysis
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