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Spin Correlations

* Thetop lifetime is ~10*s, less than the timescale for QCD interactions.
* The top spin at production is preserved through to the decay

« SMQCD production of tt predicts negligible polarization, but spins are correlated
* Amount is sensitive to gq vs.gg vs. possible BSM
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[ TeV Dilepton

¢ “Topology reconstruction method” used to reconstruct top rest-frame angles
» EtMiss x,y; Mw, Mt yield 6 constraints. Two b-tags identify b-jets (or Pt rank)
¢ Unfolded to parton level
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[ TeV Dilepton

“* Matrix weighting technique used to reconstruct top rest-frame angles )
» Parton assignment chosen as largest ME weight —

¢ Unfolded to parton level

CMS 50fb at \s 7TeV
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CMS,

~~ Compact Muon Solenoid

Integrated over Jet Pt & EtMiss
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[ TeV e/u+lets

> Ad(R,d) & Ad(2,b) analyzed (requires ID of down or appropriate bottom jet)
» KL Fitter used for kinematic reconstruction
» For d-jet ID likelihood includes b-tag weight (anti c-jet) and jet P; (d-jet ~lower Py)
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8 TeV Dilepton

* Fit A¢ distribution to f*SM+(2-f)*(no correlation)

f =1.20+0.05 (stat) £ 0.13 (sys)
Anelicity = 0.38£0.04

Stop pair production masquerading as top
pairs through f — t y%an modify spin
correlation measurement

M o, <M< 191 GeV excluded @ 95% C.L.
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1/c dc/d|A¢l+[_|

Data/Simulation

8 TeV Dilepton
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8 TeV Muon+Jets e

> LO matrix element method

» Calculate event probability for 2 hypotheses, H: correlated or uncorrelated _,,xi¢? 19.7 b (8 TeV)
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Spin Correlations Summary

_— é;zmpacl Muon Solenoid

tt Spin Correlation Measurements Summary

CMS, dilepton

PAL 112 (2014) 182001,
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Top Quark Polarization

» Although spins are correlated, there is negligible polarization in the SM

2 1 dN 1
! d°N :E(1+ B, cos &, + B, cos 6, - C cos 6,+C0s 6, ) — ==(1+Bcos0)
N dcos@dcosd, 4 N dcos@d 2

B=aP
Spin gquantization axis choices:
 Helicity axis: top direction in tt rest frame
* Transverse axis: transverse to plane defined by top
direction and beam axis
* r-axis: Orthogonal to the helicity and transverse axes.

See Javier Jimenez Pena @ 15:00h for
single-top results
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Top Quark Polarization ATLAS CONT 20600

* Dilepton final states with kinematic reconstruction via neutrino weighting
 Distributions unfolded to parton level and to stable-particle level
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Top Quark Polarization

Parton-level results

ATLAS Preliminary 's=8TeV-20.2fb" ATLAS Preliminary 's=8TeV-20.2fb"
Observable ¢ arXiv:1508.05271 result + (stat+det) + (mod) Observable ¢ arXiv:1508.05271 result * (stat+det) + (mod)
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Top Quark POlariZation PRD 93, 052007 (2016)
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W-boson helicity in top decay

» W-boson helicity is sensitive to the (putative) V-A structure of the Wtb vertex

2
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e/“ + JEtS (8 TeV) arXiv:1605.09047

> Kinematic reconstruction w/ y* minimization

— "/6ompacl Muon Solenoid
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FO =0.681+0.012 (stat) + 0.023 (sys) Primary systematic uncerts
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e/u + Jets (8 TeV)

» KL Fitter used for kinematic reconstruction
» Both leptonic & hadronic side used

» For d-jet ID likelihood includes b-tag weight (anti c-jet) and jet P (d-jet ~lower P-)
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Data/Fit

e/u + Jets (8 TeV) - Postfit

Leptonic analyzer (e, 1)
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Conclusions

» Top spin measurements at 7 & 8 TeV from ATLAS & CMS, including some new
measurements at 8 TeV have been presented.
» Spin correlations are now well established and comparisons between 7 & 8 TeV,
and eventually 13 TeV will provide a new probe of top production dynamics.
» Top polarization measurements are becoming more precise, but no deviations
from the SM have been seen.

» W Helicity measurements at 8 TeV continue to probe the Wtb vertex.
» Good consistency with SM for world-average top mass
» EFTFitter used to set anomalous coupling limits
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8 TeV Dilepton

f =1.20+0.05 (stat) £ 0.13 (sys)
Anelicity = 0.38£0.04

TABLE II. Summary of systematic uncertainties on fgy in the

combined dilepton final state.

Source of uncertainty A fonm
Detector modeling

Lepton reconstruction (L0
Jet energy scale +0.02
Jet reconstruction =001
E?-'j'“ < (L]
Fake leptons < ()01
b tagging < ()01
Signal and background modeling

Renormalization and factorization scale =0.05
MC generator (.03
Parton shower and fragmentation (106
ISR and FSR (.06
Underlying event (104
Color reconnection =001
PDF uncertainty =05
Background =001
MC statistics =().04
Total systematic uncertainty (.13
Data statistics =005

(SToT) TooTYT 'Yt "1197 "A9Y "SAUd

ne»r-p»
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8 TeV Dilepton

TABLE 1V. Sources and values of the systematic uncertainties in the inclusive asymmetry variables.

E=s
=]
=

2
<]

w
=
S
S

=

5
@
a
=
S

\O
|
|

|

Asymmetry variable Apg Acos o Ace, Ap AGFY
Expenmental systematic uncertainties
Jet energy scale 0.001 (0.005 0.007 0018 (.001
Jet energy resolution < (1001 (0.001 0002 0,003 0.002
Lepton energy scale (.00 1 (.002 (L0035 (0L.003 < (.001
Background (.001 (.001 (0.001 (0.002 < (.01
Pileup < (.01 < (.01 < ()01 < ()01 < ()01
b tagging etficiency < (.01 (001 0.001 0.001 (.001
Lepton selection 0.001 < (.001 < (.01 0002 < ().00]
it modeling uncertainties
Parton distribution functions 0.004 (0.005 0.005 0.001 < ()01
Top quark py 0.011 0.006 0.006 0.004 < ().00]
Factonzation and renormalization scales (0.002 (0.003 (0.005 0.002 (0.002
Top quark mass 0.001 (0.001 0.007 0008 (.001
Hadron zation (.001 (1,004 (0.005 0019 (1.003
Unfolding (simulation statistical) (0.002 (0.005 0.006 0003 (.003
Unfolding (regularization) <0.001 < (.001 < (.01 < (.01 < ().00]
Total systematic uncertamnty 0.012 (0.012 0016 0028 (0.005
Variable fom £ (stat) £ (syst) &= (theor) Total uncertainty
Anp 1.1440.06 +£0.13 7 )% o
Acosg 0.90 £+ 0.09 £0.10 +0.05 +0.15
PRD 93, 052007 (2016) Acie, 0.87 £0.17 £0.21 fooo.gél :581227 23
App (vs. M) 1.12£0.06 +0.08 " ;7 o1




il "/6ompacl Muon Solenoid

8 TeV Muon+Jets e

Table 3
Sources of systematic uncertainty in the fraction f of events with the 5M spin cor
relation. There is no dowmward variation for the pTr modeling.

Source of syst. uncer. Up wariation Down variation

Simulation stat. 0.042 —0.042

Scale —0.068 0.124

JES 0.051 —0.090

JEE —0.023 —0.004

PDF 0.018 0.045

My 0.001 —0.034

top quark p; modeling 0.023 —

Backzround modeling 0.017 —0.016

Pileup 0.012 —0.015

b tagging efficiency —0.001 0.001

Mistag rate 0.005 —0.006

Trigger =0.001 =0.001 O 15
Lepton ID{Iso <0001 = 0.001 +U.
Calibration 0.003 —0.003 f — 0.72 i 0.08 (Stat) —O 13 (SyS)
Total syst. uncer. it
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Top Quark Polarization

ATLAS-CONF-2016-099

Observables Central Total Statistical  Detector  Modelling  Others Mass
Full phase space
H:‘: -0.044 +0.038 +0.018 +0.001 +0.026 +0.007 | £0.027
Bk -0.064 +0.040 +0.020 +0.001 +0.023 +0.014 | X£0.027
BY -0.018 +0.034 +0.020 +0.001 +0.024 +0.005 -
BT 0.023 +0.042 +0.020 +0.001 +0.034 +0.005 -
B_T_ 0.0:39 +0.042 +0.026 +0.001 +0.029 +0.005 -
BT 0.033 +0.054 +0.023 +0.002 +0.045 +0.006 +0.016
Clk, k) 0.296 +0.093 +0.052 +0.006 +0.057 +0.011 +0.037
C(n,n) 0.304 +0.060 +0.028 +0.001 +0.047 +0.001 +0.010
C(r,r) 0.086 +0.144 +0.055 +0.005 +0.122 +0.016 +0.038
C(n, k) + C(k, n) -0.012 +0.128 +0.072 4+0.005 +0.087  +0.029 -
k) — Clk,n) -0.040 +0.087 +0.053 $0.004 +0.058 +0.003 -
)+ C(r,n) 0.117 4+0.132  +0.070 +0.003 +0.102  40.010 | +0.010
r) — C(r,n) -0.006 +0.108 +0.069 +0.005 +0.070  +0.004 | +0.043
C(r, k) + C(k,7) -0.261 +0.176 +0.083 +0.006 +0.135 +0.011 T+0.065
C(r, k) — C(k,r) 0.073 +0.192 +0.087 +0.007 +0.148 +0.005 | *£0.025

n»r=>»
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TABLE IV. Sources and values of the systematic uncertainties in the inclusive asymmetry variables.

Asymmetry variable Apg Acos A, Ap ACHY
Expennmental systematic uncertainties
Jet energy scale (.001 0005 0007 0018 (.001
Jet energy resolution < (L001 (001 (.002 (003 (.002
Lepton energy scale (100 ] (0.002 (L0035 (0.003 < ()00 ]
Background (.001 (L.001] (001 (.002 < (.01
Pileup < (.00 < (1001 < (1.00]1 < (1001 < (.01
b tagging efficiency < (.00 (.001] (.001 (.001 (.001
Lepton selection (.001 < (1001 < (.001 (0.002 < (.01
11 modeling uncertamntes
Parton distnbution functions (.004 0005 (0005 (001 < (.01
Top quark pr 0.011 0,006 0.006 0.004 < (.001
Factonzation and enormahization scales (.002 (003 (1.005 (.002 (.002
Top gquark mass (.001 (L0401 0007 (0.008 (.001
Hadronm zation (L.001 (0.004 (005 0019 (L.003
Untolding (simulation statistical) (0.002 0.0035 0.006 (0.003 (.003
Unfolding (regularization) < (.00 ] < (L0001 < ()00 1 < (1001 < (.001
Total systematic uncertainty 0.012 0012 0.016 (0028 0.005
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~~" Compact Muon Solenoid

e/ !"l + JEtS (8 TEV) arXiv:1605.09047

e+jets L+jets l+jets
Breakdown of systematic uncertainties
+ AR + AR + AR + AR + AFy + AR
JES 0.004 0.003 0.005  0.003 0.005 0.003
JER 0.001 0.002 0.004  0.003 0.003 0.003
b tagging eff. 0.001 <103 0.001 <103 0.001 <1073
Lepton eff. 0.001 0.002 0.001  0.001 0.001 0.001
Single top normal. 0.002 <107 0.003 0.001 0.003 0.001
W +ets bkg. 0.008 0.001 0.007  0.001 0.007 0.001
DY-+jets bkeg. 0.002 <103 0.001 <103 0.001 <103
Multijet bk, 0.023 0.007 0.007  0.003 0.008 0.001
Top quark mass 0.012 0.008 0.010 0.008 0.010 0.007
tt scales 0.011 0.008 0.014  0.007 0.012  0.007
tt match. scale 0.011 0.007 0.010  0.007 0.009 0.007
Hadronisation 0.015 0.009 0.005  0.003 0.006  0.004
Limited MC size  0.002  0.001 0.002  0.001 0.002 0.001
Pileup 0.001  0.001 <10? <10°? 0.001 <10°?
tt pr reweight 0.011 0.010 <107% 0.001 <107* 0.002
PDF 0.004 0.001 0.002  0.001 0.002 0.001
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W helicty e/u + Jets (8 TeV)

Systematic Uncertainty ] Leptonic, >2 b-tags Hadronic, 1 b-tag + >2 b-tags Signal Modelling
] F Fr Fr Fy Fr Fr Showering and Hadronisation T(()) (()) (())22 :()) 8 822 T(()) (()) (()): T(()) 8 11 55 :()) 8 (()) 11 T(()) (()) 11 j
Reconstructed Objects ME Generat +0.003 +0.003 +0.006 | +0.016 +0.024  +0.04
. +0.003 +0.002 +0.001 | +0.003 +0.003  +0.005 enerator 0003 0003 0006 | 0016 0024 004
-0.003  -0.002 -0.001 | -0.002 -0.004  -0.006 +0.003 +0.006 +0.003 | +0.018 +0.039  +0.057
Muon +0.002  +0.001 +0.001 | +0.003 +0.005  +0.007 ISR/FSR -0.003 -0.006 -0.003 | -0.018 -0.039  -0.057
0.003 -0.001 -0.001 | -0.004 -0.003  -0.007 - +0.003  +0.004 +0.001 | +0.001 +0.002  +0.002
Yot Energy Scale +0.006 +0.003 +0.004 [ +0.007 +0.012  +0.014 0.003 -0.004 -0.001 | -0.001 -0.002  -0.002
10.003 -0.002 -0.001 | -0.007 -0.008  -0.005 Ton M +0.002  +0.005 +0.003 | +0.003 +0.009  +0.006
T By Tl +0.006 +0.005 +0.007 | +0.027 +0.033  +0.057 op Mass 0.002  -0.005 -0.003 | -0.003 -0.009  -0.006
-0.006  -0.002  -0.007 ] -0.031  -0.041  -0.071 , , +0.006 +0.009 +0.008 | +0.028 +0.047  +0.072
Tt Vi Tt +0.004  +0.002 +0.002 | +0.013  +0.001  +0.011 Sum Signal Modelling 0006 -0.009 -0.008 | -0.028 -0.047  -0.072
0.002 -0.001 -0.001 | -0.009 -0.005  -0.004 i :
ethod Uncertainty
Jet Reconstruction Efficiency <0.001 <0001~ <0.001 1 +0.001 = <0.001  +0.001 +0.009 +0.006 +0.004 | +0.008 +0.016  +0.016
<0.001 <0.001 <0.001 | -0.001 <0.001  -0.001 Template Statistics 0,009 0.006 0004 | 0008 0016  -0.016
— +0.002  +0.001 +0.001 | +0.029 +0.013 _ +0.034 : : : : : :
-0.002 -0.001 -0.001 | -0.031 -0.014 -0.035 ozl Sysiismntils +0.015 +0.013 +0.012 | +0.052 +0.063 +0.101
Sum Reconstructed Objects | T0010 #0006 +0.009 [ +0.043  +0.038  +0.069 - -0.014 0012 -0012 | 0054 -0.067  -0.108
0008 0004 -0007 | 0045 -0.044  -0.080 at. + Bkg. +0.012 +0.008 +0.006 | +0.010 +0.021  +0.022
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