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Introduction

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

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

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

» In EFT we extend the SM by adding new terms to the Lagrangian.

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




Introduction

» Due to its large mass and close to the electroweak symmetry breaking scale, the
top quark Is expected to play an important role in several new physics scenarios.

» An EFT approach is followed to search for new physics in the top quark sector in
the dilepton final states (CMS-TOP-17-020). The operators and the related
effective Lagrangians can be written as:
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4 O,y : It has the right handed Wtb interaction.

[ After investigating, we conclude that the kinematic
distributions in tW production and top decay when -
O, IS present are similar to the SM and the effects
are not big enough to be observed.
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0 O : it affects both tW and tt production.

O After investigating, we conclude that the kinematic
distributions in both tW and tt production when O,
IS present are similar to the SM and the effects are not
big enough to be observed.

0 O : it affects tt production only.

[ After investigating, we conclude that the kinematic
distributions in tt production are affected when Og; is
present.
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U The operators O, and O g lead to flavor changing
neutral current (FCNC) interactions of top quark.

O As we know the FCNC processes do not exist at tree
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 will be
very important for searching new physics.

00O, O : it affects tW production only.

O The presence of the O and O operators changes the
initial state particle and leads to different kinematic
distributions for the final state particles compared to the
SM tW process.



Introduction

L When EFT couplings are non-zero, tt or tW cross section contains:
1. SMterm: ogy

(1) o = OsM + Ciﬂ}(” + -Eﬂq-{z)
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2. Interference term: Cio

3. Pure new physics term: Cizcri(z)

Cross sections for tt and tW production [in pb] for the various effective couplings for A = 1
TeV and the respective available k-factors:

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




Ohiect and event selection

O Dataset: 35.9fb~1 in 2016.
O Trigger: dilepton or single lepton triggers.

" Electron Muon
»Pr>20 GeV , n|<2.4
» Passing muon ID and isolation

Jet/bjet

»Pr>30 GeV, | n|<2.4 , AR(lepton, jet) > 0.4
» Passing jet/bjet ID

¢ Event selection
» At least 1 pair of leptons (leading lepton p;>25 GeV).

> The first two selected leptons which are sorted due to the p; should have opposite sign charge.

» Events are categorized to ee, py, and ep channels using the flavors of the two highest p; leptons.

» Missing E+>60 GeV and My, should be out of Z mass window [76 GeV,106 GeV] in ee, uu
channels.

 The selection is the same as SM tt, tW cross section measurement [4-6] in CMS.



0 The background from processes giving two prompt leptons is taken from Monte
Carlo samples and normalized to the luminosity. It consists mostly of events from
tt, tW, WW, other di-boson processes and Drell-Yan (only in ep channel, the data
driven method is used for DY estimation for ee and pp channel).

(1 For the jet fake lepton backgrounds which include W + jet and QCD process are
estimated by data-driven technique called same sign method.

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

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



Event categorization

» Largest number of tW events : (1-jet,1-tag)

followed by (2-jets,1-tag).

> tt dominant region is (>2-jets,2-tags).
» For ee and uu channels, events with zero b-

tagged jet are dominated by DY events and

are not used in the analysis.

» For eu channel, the (1-jet,0-tag) is used

because the contamination of DY events is

lower and a significant amount of tW events

are present.
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Event table for used channels and categories

. Prediction
Channel | (njetsm-tags) —y E DY [ Other + nonprompt | Tolal predicied yield | D°%
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Systematics uncertainties

O Experimental uncertainties

» Luminosity: 2.5%
» Pile-up reweighting: minimum bias xs is varied by 4.6%
» Lepton reconstruction, identification and isolation and Trigger scale factors
» Jet energy scale and resolution
» Un-clustered energy
» Db-tagging/mistagging
O tt and tW modeling uncertainty
» Renormalization/factorization scale (QCD scale)
» Parton Distribution Functions (PDF) (only tt)
» Top mass
> tW/tt interference (DS/DR)
» ME/PS matching (hdamp variation-only tt)
» Scale variations of initial state radiation and final state radiation (ISR/FSR)
» Color reconnection (only tt)
» Underlying event (only tt)
O tt normalization: 5% for O, Oy and FCNC (O, and O)
QO tW normalization: 10% for Og and FCNC (O, and O)
O DY modeling uncertainty: PDF and QCD scale (only consider for eu channel in 1jet,0tag region )
O DY normalization error:

» ee and pu channels: 30%

» e channel: 1jet,0tag region is 15% ( ) , for other regions is 50%
Prompt background (except tt ,tW, DY) normalization: 50%
Non-prompt background (from same sign) normalization: 50%
tW FCNC: PDF and QCD scale

(W


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

Signal extraction 1

 The purpose of the analysis is searching for deviations to the SM tt and tW
predictions due to new physics

» Ouqr Owws Oyt Using Multi Layer Perceptron (MLP) to split SM tW (as signal) and SM tt (as background)

> Oy O : Using MLP to split FCNC tW (signal) and SM tW+tt (background)
> Og : No shape analysis > no MVA
The signal extraction strategy for different couplings in n-jet, m-tag categories
Eff. couplin Channel Categories
- COUPHNS 1-jet,0-tag | 1-jet,1-tag | 2-jets,1-tag | n-jets,1-tag | >2-jets, 2-tags
ee - Yield Yield - Yield
Cg e Yield Yield Yield - Yield
Ui - Yield Yield - Yield
ee - MLP 11 MLP21 - Yield
cg;;, Cov, Crc | en MLPy, MLPy; MLPy, - Yield
HH = MLPH MLP21 = Yield
ece - - = MLPFCNC =
Cuc, Cec eu - - - MLPgcene -
pp - - - MLPgcene -

**The MLP input variables for n-jet, m-tag categories are shown in next slide



Signal extraction

¢ MLP input variables:

Variable Description MLP]{] MLP]]_ MLPQ]_ MLPFCNC
My Invariant mass of dilepton system v vV
Py pr of dilepton system v V v
APT ( 00 ) plTeadmg Tepton _ prs[‘ub—leadmg lepton \/ \/
NLoosejet Number of loose jets Vv v
pl;admg tepton pr of leading lepton v v v
Centrality(fleadmg jet]eadmg) Scalar sum of pr of the leading lepton and Y
leading jet,over total energy of selected objects %
. Scalar sum of pr of the leading and sub-leading

Centrality(¢6) leptons,over total energy of selected objects vV vV
Ag(L¢ jet'®ding) A¢ between dilepton system and leading jet Vv Vv v
pr(£L jeteading) pr of dilepton and leading jet system Vv v
pr(£1e29ing jetleading) pr of leading lepton and leading jet system v
N ooseb—jet Number of loose b-jets Vv

Joose jets pr of leading loose jet i

; Scalar sum of pr of the dilepton system and leadin
: : ilead Pr P Yy &

Centrality(£€ jet %) jet,over total energy of selected objects %
AR(L, £) AR between leading and sub-leading leptons N
AR(¢'eading jatleading) AR between leading lepton and leading jet Vv

E’T“b'leac_lmg et \ pr of sub-leading jet v
M(¢leading joleading) Invariant mass of leading lepton and leading jet v
M(jet’®2ding, jetsub-leading) Invariant mass of leading jet and sub-leading jet Vv
AR(¢'eading josub-leading) AR between leading lepton and sub-leading jet v
AR(£¢ jet=ading) AR between dilepton system and leading jet Vv v
APT(fsub_leading jetsu]}leading) prsrub—leading lepton _ p;ﬁub—leading jet \/
M(gsub-leading o tleading) Invariant mass of sub-leading lepton and leading jet V'




NN output for different categories:
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Data and predication are in good agreement.
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NN output for different categories: 1

ee channel ep channel up channel
35.9 o (13 TeV) 35.9 o (13 TeV) 35.9fb" (13 TeV)
r 90000 — F
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d>) I ee [ Others ] Nonprompt d>) = eu [ Others ] Nonprompt ﬂ>320000? Mp [ Others ] Nonprompt
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Data and predication are in good agreement.
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CMS Preliminary 35.9 fb' (13 TeV) CMS Preliminary ) 35.9 b (13 TeV) CMS Preliminary 35.9 fp" (13Tev)
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+¢ It is assumed that new physics only affect tt and tW normalization.

+¢+ The result when the cross section for tt, tW, cri(l) and ai(z) are varied by one standard deviation which

comes from Qscale and PDF uncertainties are also shown.
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The summary of the observed and expected
allowed intervals at 68% CL (best fit with
in up and low limit) and 95% CL (in square

brackets)
| Eff. coupling | Channel | Observed | Expected |

ee —0.147031 [-1.14, 0.83] | 0.00703) [~1.20, 0.88]
Ce ep —0.184322 [-1.01,0.70] | 0.00%(31 [—1.08,0.77]
i —0.14*)22 [-1.06,0.75] | 0.00%53% [-1.16, 0.85]
Combined | —0.187)72 [~1.01,0.70] | 0.00*)3! [~1.07, 0.76]
ce 1.1272587[-4.03,4.37] 0.007173 [-6.40, 3.27]
c® ey —0.70"037 [-3.74, 1.61] o_ooﬂ;tg [—2.57 ,2.15]
& Hp 1.137355 [-3.58 , 4.46] 0.007357 [—4.68 , 3.66]
Combined | —1.527933 [-3.82,0.63] | 0.00F)55 [-2.04 , 1.63]
ee 6.18%5% [—4.16 , 8.95] o.oot‘é;% [—3.33,8.12]
C ey 1.647 00 [—1.89 , 6.68] o.ooté;w [—2.39,7.18]
W Ui —1.40"%3 [-4.23,9.01] | 0.007577 [3.63 , 8.42]
Combined | 2.387337 [-0.96, 5.74] 0.007373 [-1.91, 6.70]
ee 41.19%;%? [—0.65,0.22] Ongé_zl, [—0.44,0.41]
Cic ey —0.03'13 [-0.34,0.27] | 0.00'01> [—0.34,0.29]
Hp —0.15+3%2 [-0.53,0.19] | 0.00%(13 [—0.40, 0.35]
Combined | —0.131%2 [-0.41,0.17] | 0.00F312[—0.30,0.28]
ce —0.017 7975 [-0.37,0.37 ] | 0.007 % [—0.42, 0.42]
Cuc ep —0.017+17[-0.29,0.29 ] | 0.00%(22 [—0.38 , 0.38]
Hp —0.0171017 [<0.29,0.29 ] | 0.00*)2 [—0.38 , 0.38]
Combined | —0.017912 [-0.22,0.22] | 0.00773; [—0.30 , 0.30]
ce —0.032+047[-0.78,0.78 ] | 0.0073%3 [-0.92, 0.92]
Coc e —0.032103% [~0.60 ,0.60 ] o.ooig;gg [—0.81,0.81]
Hp —0.0324028 [-0.63,0.63] | 0.00F)25 [-0.84,0.84]
Combined | —0.032102° [—0.46,0.46 ] | 0.00%)3 [—0.65, 0.65]

16

CMS Preliminary 359" (13 TeV)
T T | T T | T T T | T T T E ‘ T T [T T T [T T T
| § Obs.Bestiit A= 1 TeV
I 8% obs.
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o | ——
Con | o I |
Cex10 | [ |
Ce |
CuGX1 0 | - |
C <10 o ' |
| | | | | | | | | | | | | | | | | | | | | | |
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Summary

» A search for new physics in top quark production in dilepton final
states has been performed using 35.9 fb~! from CMS at 13 TeV in
2016.

» This is the first search for new physics using the tW process.
No significant deviation is observed.

» EFT is used for new physics parameterization. The results are
Interpreted to constrain the relevant effective couplings using a
dedicated multivariate analysis.

11
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Results: Comparison with other analysis

95% obs. C.L. Our CMS ATLAS Phenomenologlcal
Oyq [-382,063]  From anomalous coupling approach from the [ Sile]
Owy [-0.96, 5.74] t-channel and W helicity measurements [-2.416, 2.416]
OtG [-0.41, 0.17] [-0.06, 0.41] - [-0.288, 0.624]
( )
Oc [-1.01, 0.70] - - [-0.288, 0.432]
B(t - ug) <1.2% 1073 <2 %1075 (link) <4.0 * 1073(1ink)
B(t - cg) <53 %1073 <4.1x107* (Iink) <2.0 x 107*(111k)
_ individual —e—s
Ceq e marginalized —e—
Phenomenological work using experimental top measurements i =
o —
» “Constraining top quark effective theory in the LHC Run II os —n
era” c e
« The TopFitter Collaboration = =
s Arxiv 1512.03360 a iy
Coa ——,
&
Con
aL _
-1 -0.5 0 0.5
G, = Cw? /A2
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DY estimation for cc and . channel

O DY MET distribution is not well described by the MC

O DY normalization is estimated from data for MET>60
GeV in ee and pu channel (using official R_in/out

method in top analyses)

O Number of events outside the z-veto region is estimated

from the events inside the z-peak region

O The expected number of events outside the z-veto can be

measured from data as:

out
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