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Main Topics in this Talk
» Global Fits of Data

o More on Top couplings:
Top Quarks Polarisations
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Global Fits of Data

Why is it necessary a precise

model-independent measurement of the Wtb
vertex structure?

@ It may reveal physics beyond the Standard Model
o Vj could be different from the Standard Model value
e Anomalous couplings may appear at the vertex
@ It may help understand possible other new physics beyond the
Standard Model
o top quarks decay almost exclusively to t — Wb
e understanding the structure of the Wtb vertex helps
revealling possible non-standard ¢t production at LHC,
Ztt/~tt couplings at ILC, etc.

e important for B and K physics (indirect limits on anomalous
couplings, see later)
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Global Fits of Data

The Witb vertex must be determined by a global
fit to several observables:

@ Several, theorectically equivalent, observables studied for
tt production at LHC (not all explored yet @ LHC)

@ Single top cross section usefull (sensitive to Vy, and
anomalous couplings)

@ Indirect limits from b — s+ available (not used)

@ The most general CP-conserving vertex for top quarks
on-shell is used

@ All couplings are allowed to vary freely in TopFit to find the
allowed regions for a given CL
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Global Fits of Data

@ Production at the LHC:
g t g t

q t
g t g oo ¢ g t
o(t)=177.3£9.9748 pb @ 7 Tev, o(1)=252.9+11.77 54 pb @8 Tev, o(11)=832"4% pb @ 13 Tev

NNLO+NNLL, m; =172.5 GeV PLB 710 612 (2012), PRL 109 132001(2012),
JHEP 1212 054(2012), JHEP 1301 080(2013), PRL110 252004 (2013).

— Lepton+jets (~ 30%):
(£=e*,pu*

Top pair decay channels Top pair branching fractions )
Al jets 44% ‘b
818 0 ¢ .
é‘ '-i:r ﬁ all-hadronic | /4 oA R AT ¥
o
8 T4jets .
5 |2 E jets 15% )
4 11
L tBuets ) = Dilepton (~ 5%):
Y | muondjets o 2% = et #i)
! electron-ets ujets 15% ’ b
A;J’* eyt ud cs etjets 15%
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The Wtb vertex structure

Effective Wtb vertex from dim-6 operators

(VLPL + VRPR) t W

B Io"uyql/

95
\/_
% (9LPL + 9k PR)t W, +hec.

[EPJC50 (2007) 519, NPB804 (2008) 160, NPB812 (2009) 181]
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How to probe anomalous couplings in the Wib vertex?
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The Wtb vertex structure

Effective Wtb vertex from dim-6 operators

(Vifﬁ_4— kaﬁq)t VV

95
\/_

= o’ q, _
%b 7 (g.PL + gk PR) t W +hc,

[EPJC50 (2007) 519, NPB804 (2008) 160, NPB812 (2009) 181]

How to probe anomalous couplings in the Wib vertex?
@ indirect limits from B-physics

@ measurements of single top quark production: cross-section and
angular distibutions

@ measurements of f production: angular distributions of top quark
decays
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B-physics constraints to Witb vertex

IFT-2/2008
Anomalous Witb coupling effects in the weak radiative B-meson decay

Bohdan Grzadkowski and Mikotaj Misiak
Institute of Theoretical Physics, University of Warsaw, PL-00-681 Warsaw, Poland and
Theoretical Physics Division, CERN, CH-1211 Geneva 23, Switzerland
(Dated: February 7, 2008)

We study the effect of anomalous Wtbcouplmgs on the B - X,y branching ratio. The considered
couplings are as parts of operators that are built out of the
Standard Model fields only. One-loop cunmbunons from the charged-current vertices are assumed
to be of the same order as the tree-level flavour-changing neutral current ones. Bounds on the
corresponding Wilson coefficients are derived.

. .
t t t
g W N by m s
Y Y

't Hooft gauge. The relevant Feynman diagrams with
non-SM b — t vertices are shown in Fig. 1. In addition,
analogous six diagrams with non-SM ¢ — s vertices and
two diagrams with non-SM #ty vertices (Fig. 2) occur in
the case of fZ%(x). In the case of f¢*(x), there are also
diagrams where the intermediate t-quark gets replaced
by u or c. The functions f¢**(z) have been found by re-
placing the external photon by the gluon in the diagrams

like the ones in the first row of Fig. 1,
G. 1: Diagrams with non-SM b —» ¢ vertices that contribute Our final results for 17 (2) m‘i o

FI
to 2" (z). The pseudogoldstone boson is denoted by .

[EPJC57 (2008) 183]




B-physics constraints to Witb vertex

BR(B — Xs) = (3.55 +0.24 79% + 0.03) % 107
[hep-ex/0603003]

BR(B — Xsvy) x 10° (3.15 £ 0.23) — 4.14 (V, — Vi) + 411 V&

— 5399, —2.12gr — 8.03 C%) (1)

2
o {(VL — Vi, VR, 91, 9R, Cgp)) ]

—+

o [(VL — Vi, Va, .. .)2] ~ 1.32(V, — V)2 —262(V, — Vi) Va + 12970V5 + . .

[EPJC57 (2008) 183]
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B Mesons Rare De

o) LEPTON FLAVOR (UNIVERSALITY) VIOLATION
LEPTON FLAVOR UNIVERSALITY )
* Inthe Standard Model (SM), couplings of leptons with gauge bosons are universal (LFU). ﬁ =1.0001 + 0.0024
* Beyond SM physics could couple differently to lepton families. ":%::“2 =0.996 + 0.008
¢ LHCb performs LFU tests in: el
b —s £¢ (loop process) bW s b —c v (tree process) 2
dB(B— Hu'p”) 4 o - £ v
dg? * B R(H,) = B(Hy, — H.17,) © = p (LHCb)
¢ B(Hb — Hc['VP') ¢ = e/p (B-factories)
=m({£)?
o H=K+ K*0, Ks, K™ o Hc=D,D*D,, A
o Rx=1inSM, apart from precisely predictable phase space effects. o Semileptonic decays theoretical predictions are precise (% level)
o largeBR.
o Theoretical uncertainty at 103, QED effects at % level (arXiv:1605.07633)
o Not affected by QCD effects (ex: charm loops cancels out)

LEPTON FLAVOR VIOLATION , b LQ 5
* Charged lepton flavor violation (LFV), strongly suppressed in SM (rate ~105%) b—sst N ii 1609085052

o+ Np- arXivil6 v
* LFVis expected in leptoquarks and generic Z’ models

B(B - Kp*e¥) ~ 3 m‘(lu_,’i"y B(B - K(e*, p)rF) ~ 2 m‘(l“_,l_i")
[PRD 97 (2018) 075004, PRD 97 (2018) 015019, PRD 92 (2015) 054013)] G 3
i X X B(B, - pte) \“m(l l(,\>‘ B(B, = tt(e~, K.(' n,‘)'
* Could be enhanced in b decays as consequence of LFU violation 5(5, —up )ey | 023 B(B, = ut - )sm 023

[PRL144 (2015) 091801]
Moriond QCD 2022 - 19-26 March 2022 Francesco Polci (LPNHE CNRS/IN2P3, Sorbonne Université, CERN) 1

[Francesco Polci, Moriond QCD, 19-26 March, 2022]




B Mesons Rare Decays

BT — KT¢1t¢~ and related decays (s

» Occur through b — s£+4~ transition but in contrast to B — £+£~, contain
a hadron in the final state.

eg Bt = KT¢te—, BO — K*0¢t4—, B, — dutu=, Ay = N4

NP example

» Offer multitude of observables complementary to B? — ¢ ¢~ measurements.

[K.A.Petridis, CERN talk, March 23, 2021]
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B Mesons Rare Decays

Measurement Strategy

B(B* = K*utu~) BBt — Ktete) N7

sy

rare
ete—

J)
& H/f N

2 ete—©

Rk

T BB > K Iyt ))/) BBY > KT fu(ete ) | NP _grare  prave SV
W

pptu— ete~ “ete—

— Ry is measured as a double ratio to cancel out most systematics

» Rare and J/i) modes share identical selections
apart from cut on g2

» Yields determined from a fit to the invariant
mass of the final state particles

» Efficiencies computed using simulation that is
calibrated with control channels in data

(g? = dilepton invariant mass squared)

[K.A.Petridis, CERN talk, March 23, 2021]

B* — K+I/p(18)(¢+)
|
BY - K+ (25)(¢+e-)

dar
dg?

1

BY = K*0+0-

[4m()?] - ¢
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B Mesons Rare Decays

Rk with full Runl and Run2 dataset

[LHCb-PAPER-2021-004]Submitted to Nature Physics

sy

Rk = 0.846 fgig‘éﬁ (stat) fg:gﬁ (syst)

» p-value under SM hypothesis: 0.0010
— Evidence of LFU violation at 3.1c0

[K.A.Petridis, CERN talk, March 23, 2021]

BaBar .
0.1 < g*<8.12GeV’/e*
[PRD86032012]

Belle
10< ¢ <60 GeV?
HEP03(2021)105]

-1

L]
1.1 < ¢? <60 GeVc*
[LHCb-PAPER-2021-004]
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B Mesons Rare Decays
FLAVOR ANOMALIES & LEPTON NON-UNIVERSALITY ! !

CKM-FAVORED TREE-LEVEL DECAYS (7 # u, e)

D o e e e e I =

a W HFLAV Ax*=1.0contours ]

2 0 ~30 E

E _—— BaBarl2 2l

035 % ’ =

NN —_—- R A

S LHCb18 b ) 7]

T —_— T =

o3 L : E

E ‘ - Average ) -

Fes 14 \‘\‘ :

02— | & Bellelo 7 Bellels E

E Bellet7 World Average 7

D — 02— R(D) =0.3390.026 £ 0.014 1

R I'(B — D™7p) -2 [ 4 Bigi 16, Gambino 19 RO 0295 200100010 ]

=) = = ) =e C Bordone 19 R 28k B

D I'B — D(*)fv) ’ ds Rkl o g i) TEIGRE G ]
0.2 03 0.4 0.5

2z
=

» need tree-level new physics without much CKM-like suppression

» difficult to account for effects much bigger than v2/A? ~ few %
[Mathias Neubert, Moriond QCD, 19-26 March, 2022]
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Global Fits of Data

Main objective: extend the studies already performed at
the LHC on top quark Anomalous Couplings/EFT in
t — Wb decays to HL-LHC/HE-LHC

Several processes under study to

probe the Wib vertex': t
@ Top quark pair production (tt) < »
(i) semileptonic channel ! T ’

(ii) dileptonic decays
@ single top quark physics
(i) t-channel (single lepton)
(i) Wt-channel (dileptonic decay’
@ EFT/anomalous couplings
studied associated
to the Wib vertex
1JHEP1206(2012)088, EPJC77(2017)264, JHEP04(2017)124, JHEP04(2016)023, JHEP12(2017)017,

PLB717(2012)330, PRD90(2014)112006, PLB716(2012)142, PLB756(2016)228, EPJC77(2017)531,
JHEP01(2016)064, JHEP04(2017)086, JHEP01(2018)63, EPJC78(2018)186
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Top quark pair production|
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Top quark pair production (1)

1= Example of Decay Observable: cos 8} [Fo, Fi, FR]

% i -1/2 lél
+1/2 +1/
-1/2
+1/2 @
b

+1 /2

Fo F Fr
W Longitudinal W Left-Handed W Right-Handed
fraction fraction fraction

FM = 0.687 & 0.005
FM =0.311 + 0.005
FM = 0.0017 + 0.0001

@ NNLO QCD calculation, PRD81(2010)111503
(Fo+FL+FR=1)

o Vit migesav v
&= “/'o'ﬂh
O AV LT \
t ——— W ——) Arp
0r =7 — 0 A, | A
/ f o] | WA
<
} T

1 dN 3 sin6;\2 1—cos6;\?
T AN _S|Ee ) A 1)
N dcos0; 2[”(&)*'( 2

1+ cos 07\ ?
+FR( 2 ')}

EPJC77(2017)264
= T T T T T T T
© 7000 £ ATLAS — BestFit
; E Leptonic analyser I Background
5, 6000 JLm:zuzm",Estev + Daa
§ 5000 etjets (> 2 b-tags) ptjets (> 2 btags)
i
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Top quark pair production (1)

@ [arXiv:hep-ph0605190v2 18 Mar 2007]

the modulus of the W boson three-momentum in the top quark rest frame. The total

top width is

7°|7] mf 2 2 2 2 4 2 2 4
r = or M2, {[|VL| + |VE| ] (1 +xy, — 27 — 22y, + 2,7+ mb}
2 4 2 .2
—12a7 Re ViVz +2[lgc|” + lgrl”] (1 — T g T W :):i‘)
1223,y Re gr.gp — 6zwRe [Vogh + Vagy] (1 — 23y — 27)
+6zwxs Re [Vigr + Vrgg] (1 + :r:a, — wg)} . (1)
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Single top quark
production

Antonio Onofre Top Couplings @ Beyond...



Single top quark production
q a q q g t q t
T L T X
b t & b b w g b
o= 0osm (VL2—|—/£VR V2 4 e VLVR+n9LgE—|—ng“g§+mgL9RngR+...)

@ the « factors determine the dependence on anomalous
couplings

@ the « factors are, in general, different for t and t production

@ the measurement of the single top production
cross-section allows to obtain a measurement of
VL (= Vi) and bounds on anomalous couplings
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Anomalous couplings/EFT parameters in global fits

General Wtb vertex Eur. Phys J C50 (2007) 519-533

[ — g9 " qu =
L = ———b WPL+ WPR)t W, b PL+ grPr)t W,
ﬁ’Y(LL RPR) f My (gLPL + 9rPRr) w

vector (V&) and tensor like couplings (g1, gr) zero @ tree level in SM
I35 EFT parameters: anomalous couplings described by effective operators
Ouw,Oaw» (9553 and Og,q i.€., constraints on anomalous couplings equivalent to

constraints on EFT parameters (a more integrating framework) [arXiv:1802.07237]
v

Fits
PRD 97 (2018) 1, 013007 (TopFit), arXiv:1811.02492 Using:
osf- an - FEEFit A g
95% C.L. Limits —= 08— 95% C.L. Limits [
= Standard Model = [ Standara Model g
06— - C s
L [ 06—
o= i o, Wher,
Szl = Arg @
E; ool
£ E 7,8,13TeV
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EFT/anomalous
Couplings
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Constraints from Global Fits

[Improvements from Theory]

i Effective Field Theory approach (EFT):
EFT

Lprr = Lsym + Zcz

o /
Precision

measuremeh&s

Events / 25 GeV

A2

BSM
Fupkist

ERIR]
== Dilepton Bkg
= Pseudo-Data

Z,z(3TeV)

500

Antonio Onofre

P I I | P P I
1000 1500 2000 2500 3000 3500 4000 4500

Dielectron Invariant Mass [GeV]

Top Couplings @ Beyond...



Constraints from Global Fits

[Improvements from Theory]

wwr Effective Field Theory approach (EFT):

@ Dimension 6 Operators:

X* ¢® and ¢'D? v (LL)(LL) (RR)(RR) (LL)(RR)
Qc Q, (') Qe #'e)(hep) Qu (Gl )(Lyl) Qee (&uer) (e e) Qu (Gl )€ er)
Qs Qu @0’ | Qu o) (Gurd) Q| @) @r'e) | Qu | (@ru)@rtu) | Qu | (k) (mu)
Qu oWk | Qun | (#'00) (#D,0) | @u | (PO)ae) R | Grra)@rra) | Qu | Eud)dard) | Qu|  (Gyb)dard)
Q% W2 K A | Gub@re) | Q| Eue)@ru) | Q| @uadesre)
X VX FE¥ERS Q| Gt @rr'a) tz‘.;.‘ (eper)(dir*de) q:’: (@0a0) (87 w)
Qe | eocrew | Qu | Gomerrow?, [ Q| B, o)) b ) d) | Qu| @T ) 0 T0)
¢ WA R e W T QY | (T u) @ TAd) | QY | (@ar)(dirvde)
Qi | wledrc Q| (boepBu | QG | (211D, o)1) Q% | @ Ta) T,
Quw | ¢PWLIWVE | Qua | (@ T'u)PC | Que | (¢1iD, p)E"er) (LR)(RL) and (LR)(LR) B-violating
Qg | POWLW™ | Quy | @o=u)T'dW), | QR #iD, o)) Qo Be)d) Qo [@ce] [@)rcn]
Qs | ¢9BuB* | Qu| @o"u)PB. | Q2 | (D} e)@m"va) Q| @wea@d) | Qu e [(@)7Ca] ()7 Ce)
Qi | #0BuB* | Que | @omT)eGh | Qu | (0D, 0)(@00,) Q% | @ )en@Tra) | o e (2 C
Quws | #eWLE | Qav | @ d) o WL | Qu | (#tiDo)drd) Q.| Bedal@u) | Q5 € (71e) 4 (116 [(427) Ca¥] [(@2™)TCT7]
Qs | PTeWALB” | Q| (@40"d)pBu | Qua| i(3'Dup)(1,0"d,) Qi | (Borwer)ein(@io™w) | Quun 27 [(d3)"Cuf] [(u)"Ce]

Buchmuller, Wyler Nucl.Phys. B268 (1986) 621-653,
Grzadkowski et al arxiv:1008.4884




Constraints from Global Fits

[Improvements from Theory]

ww Effective Field Theory approach (EFT):

@ Example of top quark operators:
0% =ist (# Ble) (@7 Q)
O = 15112( (Bu»’) (@"Q)
1 — o
Oyf = Z§Jl ( ot D;HP) (f"‘ 1‘)
Owy = Ytguw (QU“"TII‘)YUI{I

OIB = Ytgy (QUI Ut) B,uu
016 = ga(Qo"™ TA1) 3GA,

pv
Ow =y} (0 o) (Qt) o

+ Four-Fermion Operators
+ non-top operators (mixing)

MR

Antonio Onofre
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from Global Fits

Notation | Sensitivity at O(A~2) (O(A~4)) |
[Improvements from Th eory] [ [oingorop [ ow | ez | aw | vz | an [t | o
0Qq1 v v
0Qqs v v
oQt1 v v
0Qt8 v v
1> Towards a Global SMEFT Fit: y
0gbs v
—— ot .
”4>—3—" otb1 v
2“ 0tbs v
, ogeapt @)
b Z:Z 2, 0Q:Qb8 )
Single top (t-channel) ‘Single top (s-channel) oo 081qq v v v v v v
otiaa | ] A AR RS
. 083q | v % Wlvlv|vl|v]|v
b 013qq | [v] v v imimlm| | v
08qt. v viv|v|vlv
oqt | [v] iwmlw| v | v
08ut. v v v v v
ot | [v] vi|lw| v | v
08qu v v v v v
Oiqu vl M| w|v|v
o08dt v v v v v
o01dt vl Ww|v|v
08qd v viv|v|v
ot | [v] vilw|v|v
0t6 v v v v v v v
otwW. v v v
. . bW @) |»|w
@ Maltoni et al., arXiv:1901.05965 oz v v
off ) [CORRCY)
0£g3 v v v
@ 34 d.o.f., > 100 observables v ; P
opt v v
otp v




Constraints from Global Fits

[Improvements from Theory]

iz Jowards a Global SMEFT Fit: Results

SMEFIT analysis of LHC top quark data
mmm SMEFIT global (marginalised)
N SMEFIT individual
B LHCtopWG EFT note

95% Confidence Level Bounds (1/TeV?)
5

O L CF FF T XTSRRI RO PRI LYY DT L
$& D%, (& oS (SR R oS TP P P R P PSS KK &
S SR IFFF I FF 8 T FFES FIFFF S F P (F N O T

@ Maltoni et al., arXiv:1901.05965 [LHCTopWG EFT note, arXiv:1802.07237]
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Constraints from Global Fits

S MEFiT Nikhet 202002
CP3-21-12

MCNET-21-07
MAN/HEP/2021/004

Combined SMEFT interpretation of Higgs, diboson,
and top quark data from the LHC

The SMEFIT Collaboration:
Jacob J. Ethier," Giacomo Magni,"? Fabio Maltoni,** Luca Mantani,?
Emanucle R. Nocera,® Juan Rojo,2, Emma Slade, Eleni Vryonidou,” and Cen Zhang®®

* Department of Physics and A Vrije Uni i )
NL-1081 HV Amsterdam, The Netherlands
2 Nikhef Theory Group, Science Park 105, 1098 XG Amsterdam, The Netherlands
3 Centre for Cosmology, Particle Physics and Phenomenology (CPS3),
Université Catholique de Louvain, B-1348 Louvain-la-Neuve, Belgium
* Dipartimento di Fisica e Astronomia, Universita di Bologna
and INFN, Sezione di Bologna, via Irnerio 46, 40126 Bologna, Italy
5 The Higgs Centre for Theoretical Physics, The University of Edinburgh,
JCMB, KB, Mayfield Rd, Edinburgh EH9 3J7, Scotland
S Rudolf Peierls Centre for Theoretical Physics, University of Oford,
Clarendon. Laboratory, Parks Road, Ozford OX1 $PU, United Kingdom
7 Department of Physics and Astronomy, University of Manchester,
Ozford Road, Manchester M13 9PL, United Kingdom
8 Institute of High Energy Physics, and School of Physical Sciences,
University of Chinese Academy of Sciences, Beijing 100049, China
9 Center for High Energy Physics, Peking University, Beijing 100871, China
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Global Fits

W= Top - only, Quadratic NLO EFT

103} ™= Top + Higgs + VV, Quadratic NLO EFT S MEFiT

Magnitude of 95% Confidence Level Bounds (1/TeV?)

W Higgs - only, Quadratic NLO EFT

103} ™= Top + Higgs + VV, Quadratic NLO EFT S MEFIT

TEE

5
L

Magnitude of 95% Confidence Level Bounds (1/TeV?)
S

15

T IR e T FE R AT

Figure 5.9. Same as upper panel of Fig. 5.4 now comparing the global fit results with those obtained
in a top-only (upper) and Higgs-only (lower panel) fits.
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Main Topics in this Talk
» Global Fits of Data

o More on Top couplings:
Top Quarks Polarisations
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Top quark Polarizations

Although produced unpolarised, the t spins are correlated in tf events
Two spin correl. parameters studied using angular distributions: A and Ap
_ o(uty) +o(uty) — a(tty) — o(tyty)
o(tity) +o(tty) + o(tity) + o(tyty)

2
%Wg’cosaz = %(1 —A|a1az| cos 01 cosbz), «; = spin analysing power of i

1 dN 1

Ndcosd — (! —Aplaraz|cos®)

4 = 03250 395 (PDF), A3 = ~0.297 50 S8 PDF)

ASM = 0422,  AM=-0290 (mg < 550 GeV)

Nucl.Phys.B690 (2004) 81, Eur.Phys.J.C44 (2005) s13-s33
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Top quark Polarizations

10394v2 [hep-ph] 9 Feb 2022

IFT-UAM/CSIC-21-123

A template method to measure the ¢ polarisation

J. A. Aguilar-Saavedra,:2 M.C.N. Fiolhais,®*:5 P, Martfn-Ramiro,! J. M. Moreno,! and A. Onofre®®

nstituto de Fisica Tedrica, IFT-UAM/CSIC, ¢/ Nicolds Cabrera 13-15, 28049 Madrid
2 Departamento de Fisica Tedrica y del Cosmos, Universidad de Granada, 18071 Granada, Spain
Science Department, Borough of Manhattan Community College,
The City University of New York, 199 Chambers St, New York, NY 10007, USA
“The Graduate School and University Center, The City University of New York, 365 Fifth Avenue, New York, NY 10016, USA
SLIP, Physics Department, University of Coimbra, 3004-516 Coimbra, Portugal
% Centro de Fisica das Universidades do Minho e do Porto (CF-UM-UP),
Universidade do Minho, 4710-057 Braga, Portugal

We develop a template method for the

of the p of ¢t pairs

in hadron collisions.

The method would allow to extract the individual fractions of t.tL, tatr,

tzfr and txiz pairs with a fil to data, where L, R refer to the polarisation along any axis. These

polarisation fractions have not been i

at present. , the method

also provides the net, polarisation of ¢ and , as well as their spin correlation for arbitrary axes.

I. INTRODUCTION

The measurement of the top quark properties started
shortly after its discovery at the Tevatron [1, 2]. The high
statistics achieved at the Large Hadron Collider (LHC)
has provided us with a huge dataset of single (anti-)top
and ¢t pairs, which can be exploited for precision mea-
surements in the search for any departure from the pre-
dictions of the Standard Model (SM). And this will be
even more the case at the high-luminosity upgrade (HL-
LHC). With such large statistics, the main source of un-
certainties in the comparison between theory and exper-
iment are the experimental systematic uncertainties, as
well as theoretical uncertainties due to higher-order cor-
rections in perturbation theory [3]. The latter are cur-
rently being reduced by two-loop calculations; the former
may be reduced.

coefficients axx+ from a fit to the measured distribu-
tion. Once the effect of hadronisation, detector resolu-
tion, kinematical reconstruction of the ¢ and ¥ momenta,
and phase space cuts are suitably incorporated (details
are discussed in Section III), the parton-level cocfficients
axx- can be extracted by a fit of the measured sample to
a combination of the simulated templates. Detailed re-
sults are presented in Sections IV and V| and Section Vi
is devoted to a brief discussion of our results.

II. THE TEMPLATE METHOD

The template method is based on the expansion of the
£ cross section, which can be written as



Top Quark Polarizations

[Basic Template Fit]

1= use templates for RR, RL, LR and LL (Protos):

ef(z1,22) = Z axxexx fxx (21,22) + At (21, 22)
XX’

@ Evaluate efficiencies (exx) for the different polarisation
components

@ Evaluate the templates after event selection fxx:
@ Evaluate interference term Ajy;

@ Extract axx: (at parton level, without parton level
reconstruction)

Antonio Onofre Top Couplings @ Beyond...



Top Quark Polarizatio

[Templates (in helicity basis K-axis)]
zy = cos(61) and z = cos(62)

LL (K-axis) RR (K-axis)




Top Quark Polarizations

[Templates (in helicity basis K-axis)]
Pull Distributions SM reconstruction
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Top Quark Polarizations

[Templates (in helicity basis K-axis)]
SM Ay Interference Results
K-axis

K SM CMDM
Prediction Fit Prediction Fit
arr 0.335+0.001 0.337 £ 0.006 0.349 +0.001 0.350 £ 0.006
arr 0.336 £0.003 0.330 & 0.005 0.349 £ 0.001 0.339 &+ 0.005
arr 0.165+0.003 0.167 £+ 0.007 0.151 £ 0.001 0.175 £ 0.007
arr 0.165+0.002 0.160 £+ 0.004 0.151 £ 0.001 0.131 £ 0.004
Cxk 0.340 +0.002 0.340 £ 0.019 0.394 £ 0.004 0.383 +0.019
P; 0.001 £+ 0.002 —0.014 + 0.008 0.000 £+ 0.001 —0.058 £ 0.008
P; 0.001 £ 0.002 0.000+ 0.008 0.001 4+0.002 0.033 £ 0.008

p Couplings @ Beyon:



Conclusions

Global Fits to Data (up to the HL-LHC):
1) global analysis approach
2) full kinematical reconstruction
3) angular distributions identified in several signal regions
4) fit the Standard Model and extract EFT Wilson coefficients
5) need to go global !l
)

6) need to include the Flavour Physics (two energy scales ...)

Top Quark Polarisations:
1) new template method

2) no need to recover parton level information

3) interference effects can be probed

Antonio Onofre Top Couplings @ Beyond...



