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Introduction °

U As we know if new physics scale is reachable at the LHC then the new physi
could be directly observed via the production of new particles.

U Otherwise, it could affect standard model (SM) interactions indirectly by
modifications of SM couplings or enhancements of rare SM processes.

U In the latter case, the effective field theory (EFT) approach is useful to
parametrize and constrain the new physics in a modebendent way.

U In EFT we extend the SM by adding new terms td_thgrangian

U The underlying new physics particle gets integrated out leaving only the effec
vertex. Such as the Fermi theory for neutron decay.




Introduction

U Due to its large mass and close to the electroweak symmetry breaking sca
top quark is expected to play an important role in several new physics scer
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effectiveLagrangian€an be writteras:

U An EFT approach is followed to search for new physics in the top quark set
the dilepton final state¢CMS-TOP-17-020). The operators and the related
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C O,y : It has the right handad'tb interaction.

C After investigating, we conclude that the kinematic
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distributions intW production and top decayhen

O,y IS presentire similar to the SM and the effects

are not big enough to be observed.

C Oy 4 it has the same

Interaction as the SMWtb
Interaction. Therefore, it
does not affect any final
state kinematic

distributions.
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C O, : it affects both tW an@¥production.

C After investigating, we conclude that the kinematic
distributions in both tW an@production wher®,,
IS present are similar to the SM and the effects are n
big enough to be observed.

C O : it affects@production only.

C After investigating, we conclude that the kinematic_
distributions in@production are affected whedy, is
present.




(3)

O.EJ = (¢*'Dug)(@r"7'q), Lo = %%ET“PHW; +h.c., (1)
Ow = (o Tt} §W,, L= —2?{—‘2’::59*‘"&:&”% + h.c., (2)
O = (Fo™A%1)PGL, Lg= %v (?:ﬂ‘"’ﬁ”t) Gp, +hec, (3)
Oc= facGA'GYGs", Ly = % 48cGAYGPG + hc, 4)
Ouc =  (Ge™AA)FGA, Ly — g 5%2 o (i (6) ™A*t) Gl +hec, (5)

C The operator® g andO_; lead to flavor changing
neutral current (FCNC) interactions of top quark.

C As we know the FCNC processes do not exist at tre
level in the SM and are induced only at loop level.
Therefore the rates of FCNC processes are highly
suppressed. The observation of such processes wi
very importanfor searching new physics.

C Oyc, O : it affectstW production only.

C The presence of th@,; andO_; operators changes the
Initial state particle and leads to different kinematic
distributions for the final state particles compared to the
SM tW process.
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C When EFT couplings are narero,@or tW cross section contains:
1. SMterm,

2. Interference term# A

o = OsM + Ciﬁ'}(]] + Cizf?fm

3. Pure new physics termi: A

Cross sections fdandtW production [in pb] for the various effective couplingsfor 1
TeV and the respective availalidactors:

Channel | Variable Cc | Cy | Cw | Cic | Cug | Cec
V71O 319 |- |- 137 |- |-
r U_(l)—NLO/U_(l)—LO _ _ _ 148 | - _
o710 1023 |- |- 164 - |-
U_(Z)—NLO/G_(Z)—LO _ _ _ 144 | - _
1 1 .
o 71O - 67 | —4533 [0 |0
W DN /g (V710 | 132127 [127 |0 |0
o210 ¢ 02 |1 |12 [162 |46
gD NLO /(2710 | 131 | 118 | 1.06 | 1.27 | 1.27
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Ohiect and event selection

A Dataset: 35w in 2016.
A Trigger: dilepton or single lepton triggers.

" Electron Muon
i U0 >20 GeV , g|<2.4
U Passing muon ID and isolation

Jet/bjet 5 5
10 >30GeV, s|<2.4 .Y2(I AP@BRIONE
U Passing jebjetID

X Event selection
U Atleast 1 pair of leptons (leading leptp»25 GeV).
U The first two selected leptons which are sorted due tpstBhould have opposite sign charge.

U Events are categorizedég € ¢ande ghannels using the flavors of the two highgsteptons.

U Missing% >60 GeV and pgshould be out of Z mass window [76 GeV,106 Ge\B&e ¢
channels.

C The selection is the same as 8tW cross section measurementglin CMS.



Backurounds 8

C The background from processes giving promptleptons is taken from Monte
Carlo samples and normalized to the luminosity. It consists mostly of events|f
@b twW, WW, other diboson processes abdell-Yan (only ine s£hannel, the data
driven method is used for DY estimation é@and{ {channel).

C For the jet fake lepton backgrounds which include W + jet and QCD process ¢
estimated by datdriven technique called same sign method.

x We use the fact that the probability of assigning positive or negative charge to the
misidentified jet should be equal.

X The contributions of all other backgrounds are subtracted from data in same sign r
using MC samples to find jet contribution.



Event categorization J

U Largest number alV events : (jet,1-tag)

followed by (2jets,ttag).
0 @domi nant FrjesRiagsh i s (22 |
ii Foreeands schannels. events with zere b Event table for used channels and categolrle

Prediction
- - Channel | (n-jets,m-tags) — - - Data
tagged jet are dominated by DY events ar e [ | | e R
o 0 ee [0 51816 | 7479110 | 241553 9115 83312597 5266190
are not used N the an alyS|S . =22 26754 | 7561418 | 46424 9914 79731819 7945180
1,0) 4835520 | 23557535 | 113522277 10294572 5003826931 450731221
. c aD BOASE77 | 30436535 | B61=66 GI0E13 3767350064 37370193
u FOI’ e &han nel, the ('let,O'tag) IS Used ¥ [PAY] 3117216 | 4720648 | 278248 78119 513823714 507255225
. . . =22) T450L10 | 47310546 | 32122 50810 1939115010 192621221
aD 1738512 | 9700£21 | 744590 18315 123662570 T2178£110
because theo ntam I natlon Of DY eve ntS IS i PR 08010 | 14987127 | S01Z75 27515 167511276 T6395L128
|ower and 3 s|gn|f|cant amount Of tW eve =27 50SL6 | 15136206 | S22 16315 58801714 T5838L125
s
are presen .
35.91b" (13 TeV) 35.91b" (13 TeV) 35.9 b (13 TeV)
< 18000~ c C
—516000iCMS t Data(2018) [tw o CMS t Data(2016) [Jtw -_54000070MS } Data(2016) [
> c Preliminary It oy > Preliminary ~ I & oy ;SSOOOi Preliminary It Bl oy
£ 14000 ee [ others [ ] Nonprompt = eun [ others [ ] Nonprompt € Eopu [ others [ ]Nonprompt
q>; 1 2000? [ stat. L% [ stat. L%SOOOO? []stat. "7 stat. @ syst.
10000 &
o] o]
o o
o o
I I
% o8t : S
a9 (.1 21) =2,2) a9 (1,0) (1.1) @1 =2,2) ' (1.1) @1) =2,2)

(n-jets,m-tags) multiplicity (n-jets,m-tags) multiplicity (n-jets,m-tags) multiplicity
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Systematics uncertainties

C Experimental uncertainties
U Luminosity:2.5%
U Pile-up reweighting: minimum biassis varied by4.6%
U Lepton reconstruction, identification and isolation and Trigger scale factors
U Jet energy scale and resolution
U Un-clustered energy
U b-taggingmistagging
C @@and tW modeling uncertainty
U Renormalization/factorization scale (QCD scale)
i Parton Distribution Functions (PDF) (ord
U Top mass
i tw/@interference (DS/DR)
i ME/PS matchingi{dampvariationronly @
U Scale variations of initial state radiation and final state radiation (ISR/FSR)
i Color reconnection (onl¢@)
i Underlying event (only@d
C @normalization5% for O; , Owand FCNC( AT /A )
C tW normalization10% for OG and FCNC{ AT /A )
C DY modeling uncertainty: PDF and QCD scale (only considee fashannel inljet,Otag region )
C DY normalization error:
U eeandt tchannels30%
U e ghannelljet,Otag region isl5% ( ) , for other regions i50%
Prompt background (exce@@tw, DY) normalization50%
Non-prompt background (from same sign) normalizatiifo
tW FCNC: PDF and QCD scale

O 0O O


http://cms.cern.ch/iCMS/analysisadmin/cadilines?line=SMP-16-015&tp=an&id=1801&ancode=SMP-16-015

Signal extraction

C The purpose of the analysis is searching for deviations to th@&ndit\W
predictions due to new physics
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U Ogq Owms O : UsingMulti Layer Perceptron MLP) to split SMtW (as signal) an&M @Xas background)

U OuG,OcG
i Og

: Using MLP to split FCNC tW (signal) and SM t\W@¥background)
: No shape analys® no MVA

The signal extraction strategy for different couplings-jethmtag categories

]

. Categories
Eff. coupling | Channel 1-jet,0-tag | 1-jet,1-tag | 2—jets,1—§ag | njets,1-tag | >2-jets, 2-tags
ee - Yield Yield - Yield
Cg e Yield Yield Yield - Yield
Ui - Yield Yield - Yield
ce - MLP 11 MLP21 - Yield
cg;;, Cov, Crc | en MLPyq MLPy; MLP,, _ Yield
HH - MLPH MLP21 - Yield
ece - - = MLP]:CNC =
Cuc, Cec e - - - MLPrcne -
Hp - - - MLPgcne -

x The MLP input variables for-jet, mtag categories are shown in next slide



X MLP input variables:
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