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» Motivation
» Top Spin

> Sensitivity to effective operators

» Measurement?!
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. SV s not the end 4 N

» Dark Matter
» Matter anti-Matter

» In need of new physics

» Which theory is next?

> SUSY

» string theory

» composite Higgs
» leptoquarks
>




Coupling coefficient

6
/L:SM + Z O[ ]\ Operator
Standard Model /

Scale of New Physics

Precision era (lots of data)
Indirect search

Model independent
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Incorporates symmetries



» Every operator is a vertex (a blob)

» Only with enough energy we can resolve it
» We use it all the time!

» Particle Physics example — beta-decay
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» Top is the heaviest "known" particle
» Decay length is shorter then the QCD scale )
» Single tops are polarized e

» Same vertex in production and decay




» W only couples to left-handed particles — Top is left-handed
» Spin points along direction spectator jet
» Angular distributions are correlated to the polarization

Right-handed: Left-handed:
. p ‘ p
S S

top decays to W b
W decays to e or p
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https://arxiv.org/pdf/hep-ph/0011349v1.pdf
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Polarized Top decay Interference between W helicity states
(taken from Research Proposal) (taken from Mahlon 2000)
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https://arxiv.org/pdf/hep-ph/0011349v1.pdf

z = spectator quark direction
(q' in the Feynman diagram)

2 spectator quark in the
top rest frame

-
o pq’ l’—f charged lepton in the
& = = W rest frame

|pq’|

L g — Pg' X Pq

r=yxz — 1= o =

lpgr X Pql

p; is the direction of the spectator quark
and pq is the direction of the initial quark
which is taken as the beam axis

Aguilar 2014
~ MarcdeBeurs NP through thetopquark 26 June2020 9 /19


http://arxiv.org/abs/1404.1585
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» Sensitive to the
0.05]- o qQ operator

ppees at high lepton pT
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http://arxiv.org/abs/1807.03576

1/o do/dcos(6Y)

ratio

il

© 014

> 3

S o1

3

5
0.1 T odf

o —SM

-

. 3)
0.08 —sMm 0.08 —q0%s
0.06 aQ%rs 0.06 oQ®
€)
0.04 Q 0.04F “tW
0.02 "W 0.02f - itwW
0 L L L L L L L L L L L L ‘ L L L L 0! L L L L L L L L L L L L ‘ L L L L
14 o
12, ®
"""""" SETETETETCRERLREREY

08 !
06 0.
1.4 v 14
12h e st e M LTI S— T ey ——
08 08
0. \\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\‘\\\ OvH‘“H“H“H‘H“H“““““““H‘

-1 -08 -06 -04 -02 0 02
cos()

-1 -0.8 -06 -04 -02

0

cos(8)

» Polarization angles sensitive to New Physics

» Able to distinguish between different operators
» Imaginary part of tW — CPV?



» Measurement in ATLAS
» We are good in measuring angles!
» Not possible to generate every coupling value

» Morphing!



Modeling a continuous signal in a multidimensional space of coupling parameters

o(csm; cBsm) = |csm - Osm + casm - Opsm|” =

2 2 3 B
csm - O + csmcasm - OsmOgsm + cgsm - Ogsm

» Generate template samples

» Obtain values for all the terms

» Reweigh templates to prediction

o(csm, casm) = Y _ wi(Ccsm, Casm) * 0

1



o(csm, csm) = SM 1 0
cGu - Odw + csmossm - OsmOgsm + Casm * Osm B'\giﬁ/l (1) 1
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https://cds.cern.ch/record/2066980/files/ATL-PHYS-PUB-2015-047.pdf

Focus on: Oy

2 2
: |(95M + aw - Ow + citw - Oiw

a(cw, Girw) = }OSM + aw - Ow + Gitw - OitW| decay

production
— 15 unknown terms!

O1+ iy Q2+ iy - O3+ iy - O+ ¢y - Os + chyy - O + oy - O1 + Gy - Os + ¢y - O

11 12 . 1.3 . 2 1. 3 1 2 2
FawSiew - 910 + G Gow - O11 + GG - O12 + Gy Gow - O13 + Gy Gow - O1a + Gy G - O15



Z(bin error)?
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> left plot: red dots are inputs (rest of inputs are outside of region)

» right plot: red band is morphing prediction, blue is generated
distribution (closure test)




o(csm, casm) = > wi(Csm, Casm) - 0

Fitresult : iC;tW—CO-CtW-CO
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EFT is the way to go in precision physics

Single Top is a rich process — Polarization Angles

Sufficient sensitivity to New Physics

Morphing technique to describe full coupling parameter space
Measurement in ATLAS

vVvyYVyyVvyy

Stay Tuned






» Truth distributions

» Only scale + PDF uncertainties
» Background is SM t-channel only
» Selection cuts:

> leptons: pir > 10 GeV and |n/| < 2.47
> jets: plr > 20 GeV and || < 4.5



LO NLO

Operator | Coupling value | o £scale +pdf [pb] Tiop [GeV] | o £scale £pdf [pb] Tiop [GeV]

s SERGE = BERTIREUE - = BE
0% L 137 sk 167 | e EmAm 182
Ois 0.4 w2 TSR 140 | 100 Bl 13
Re (Ow) 2 132 £23% +85% 1.83 148 123 +1.2% 1.68
Im (Oew) 1.75 125 L322 +85% 151 140 1236 41.2% 1.38

The deviations lie within the uncertainty of recent single top measurements
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dr %(1+cos€) FR+%(1—c059) FL+ sin6 - Fy

0 = angle between £ in W rest frame and W in the t rest frame
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pw is the direction of the W boson
and s; that of the top quarks spin
both in the rest-frame of the top quark

Aguilar 2010


http://arxiv.org/abs/1005.5382
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Using same notation as Zhang 2016


https://arxiv.org/abs/1601.06163
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Also a shape effect
Noticeable for high C
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« Selection Region (SR)

®©

© 120.6 GeV < my,,< 234.6

« Trapezoidal Cut on Hiop VS: 1j

o m

o Hp>190 GeV (discriminate

Wijets CR == Anti-selection

PR

my ;<153 GeV

GeV

Y 10p> 320 GeV (select real

top)

against W-+jets with softer jets)

(b
Region . titCR \_)

®©

Enriched by selecting events
passing the PR criteria, but vetoing
all SR requirements.

PR-SR.

® Passing all PR
requirements, but
requiring 2 b-tagged jets.

« Preselection Region (PR):
e Exactly one tight charged lepton
® pT>30GeV, n|< 2.5

e Vetoing if existing a secondary high-pT
(T > 10 GeV) charged loose leptons.

e Exactly 2 jets, w/ exactly 1 b-tagged.

® pT > 30 GeV (pT>35 GeV in transition
region 2.75<= |n| <3.5 to avoid mis-
modeling between the central and
forward calorimeters.)

« Spectator jet (n| < 4.5), b-jet (60 %WP
(bin selection) within [n] < 2.5)

e MET > 35 GeV.
® mT(lepton-MET) [or MtW] > 60 GeV.

“e-Additional multijet rejection (“triangular cut”)
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ATLAS Simulation Internal
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(b) Selection region
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> left plot: red dots are inputs (rest of inputs are outside of region)

» right plot: red band is morphing prediction, blue is generated
distribution (closure test)
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o(csm, casm) = > wi(Csm, casm) - 0

i

Fitresult : ictW-c0-ctW-c0
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