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Main Topics in this Talk

» Global Fits of Data
» More on Top couplings:
Top-Higgs Yukawa Couplings

....a change in analysis strategy
to improve performance,
required?
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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
e 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
e 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 Wtb 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 Vi, and
anomalous couplings)

@ Indirect limits from b — sv 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 osvwooo——t 3 t
o(t)=177.3£9.9748 pb @ 7 Tev, o(f1)=252.9+11.77 64 pb @8 Tev, o(7)=832"40 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).
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The Wib vertex structure

Effective Wtb vertex from dim-6 operators

by (VLPL+ VkPR)t W,

ioch"q,

_9
V2 Mw

(gLPL+ grPgR)t W, +h.c.

[EPJC50 (2007) 519, NPB804 (2008) 160, NPB812 (2009) 181]
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The Wib vertex structure

Effective Wtb vertex from dim-6 operators

L = b H(WPL+ VRPR)t W,
ic" q,

b M (QLPL—FQRPR)tWM + h.c.

a|<o sra

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

How to probe anomalous couplings in the Wib vertex?
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The Wib vertex structure

Effective Wtb vertex from dim-6 operators

by (VLPL+ VrPR)t W,

ic" q,

9
V2 o Mw

(gLPL+ grPR) ¢t WM_ + h.c.

[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

Antonio Onofre Top Couplings @ Beyond...



B-physics constraints to Wib 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 Wtb coupl\ngb on the B - X,y branching ratio. The considered

couplings are i

operators that are built out of the

Standard Model fields only. One-loop contnbutlons 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.
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G. 1: Diagrams with non-SM b — ¢ vertices that contribute

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

[EPJC57 (2008) 183]
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'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 #~ vertices (Fig. 2) oceur in
the case of fZ%(x). In the case of f*(x), there are also
diagrams where the intermediate ¢-quark gets replaced
by u or ¢. 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.
Our final results for f7“*(z) read:




B-physics constraints to Wib vertex

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

BR(B — Xsv) x 10* (3.154+0.23) — 4.4 (V, — Vip) + 411 Vg

— 5399, —2.12gr — 8.03 C%) (1)
2
o {(VL — Vi, VR, 91, 9r, Cgp)) ]

Jr

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 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.

e.g BT = KT0+e—, BY — K*O0+4=, B, — ¢utu—, Ny — N 60 ...

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

ch
Measurement Strategy THED)

_ _ rare I/ I/
Ry — B(B* = K*utu~) B(B* —» Ktetem)  NET-er - ey
B(B* — K+J/p(utp=))/ B(BY — K¥J/yp(eteT))  N/¥  crare nrare J¥
ptu—"ptp— ete="ete—
— Ry is measured as a double ratio to cancel out most systematics
'
» Rare and J/ip modes share identical selections B K{"/'h’(l‘g)(é{[" )
apart from cut on g2 B - KH(@8) (040
» Yields determined from a fit to the invariant (‘fffz
mass of the final state particles 1
) Bt — K+~
» Efficiencies computed using simulation that is
calibrated with control channels in data
[4m(0)?] - ¢

(g? = dilepton invariant mass squared)

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




B Mesons Rare Decays

Ry with full Runl and Run2 dataset %

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

_— e, 0. < ¢? <8.12 GeV¥/ch

[PRD86032012)

el
10< ¢> <60 GeV
— UHEP03(2021)105]

Ric = 0.846 10555 (stat) 1013 (syst)

-1

1.1 < ¢? <60 GeVc*
[LHCbh-PAPER-2021-004]
1

» p-value under SM hypothesis: 0.0010
— Evidence of LFU violation at 3.10 03 ! 13

RI(

[K.A.Petridis, CERN talk, March 23, 2021]
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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 !
(ii) dileptonic decays
@ single top quark physics
() t-channel (single lepton)
(ii) 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

Antonio Onofre Top Couplings @ Be



Top quark pair production|
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Top quark pair production (1)

1=z Observable(s angulardlstrlbutlon( s) cos 0} [Fo, Fi, FR]
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@ NNLO QCD calculation, PRD81(2010)111503
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Top quark pair production (1)

w>ra>

Summary of W-boson helicity meas. @ LHC @

19.8 b’ (8TeV)

ATLAS+CMS Preliminary November 2017 a—
LHClopwe total stat
Theory (NNLO QCD;
T sl%o(lm 111503 () ) Fr Fe Fo
—e-8—— Data (F IF /F) 5
@
4
ATLAS 2010 slngle lepton, Vs=7 TeV, L35 pb™ H—H e H—t—H =
ATLAS-CONF-2011.037 S
ATLAS 2011 single lepton and dilepton, {s=7 TeV, L, _=1.04fo™ HH HBH HaH
JHEP 1206 (2012) 088
CMS 2011 single lepton, Vs=7Tev, L =2.21b* [ HaH b——H
CMS PASTOP-11.
LHC combination, fs=7 TeV gl i Hat
LHCtopWG e et
ATLAS-CONF-2013-033, CMS-PAS-TOP-12-025 s SRR RASLRSAN AR AR AN N
T - -
ATLASZOlZsmgIeIepton\rSTeVL-202fb‘ L L i 3 NNV TR ST
EPIC 77 (2017) 26 . = -08 -06 -04 -02 0 02 04 06
CMS 2011 single lepton, ¥s=7 TeV, L, =5.0 fb" [ ] 1] B Leptonic cos(6)
JHEP 10 (2013) 167
CMS 2012 single top, {5=8 TeV, L, =19.7 fb™* te| wah [t 19.8 b (8TeV)
JHEP 01 (2015) 053 w38 iets
CMS 2012 single lepton, s=8 TeV, L_=19.8 fb I l HH cwms :
PLB 762 (2016) 512 pHjots
1
gMI\QSPAZSOT%% 1djlgipmn s=8 TeV, L, =19.7 fo” aal - e 0.36/— I+jets combined
L * superseded by published result L Ll . osal
0 0.5
W boson helicity fractions
032
AFy/Fy ~2.7% (3.7 % theo. unc.) sk
— 95% CL
AF;/F; ~5% (3.1x theo. unc.) sl EEHCL I
1 L L L L
FH=-0008:t001 4 060 062 064 066 068 070 072 074 076

Fo




Top quark pair production (1)

@ [arXiv:hep-ph0605190v2 18 Mar 2007]

the modulus of the W hoson three-momentum in the top guark rest frame. The total

top width is

72| 7| m? 2 2 2 2 4 2 2 4
r = or M2, [|VL| + |VE| ] (1 + xy, — 2z, — 22y, + a1 + mb)

2 P 2 2 Tiy s T T 4
—12:wab]'{(-'1&}R+2[|gL| +|gR| ] 1—7—21},—7— 9 +1Cb
712:c%,vwb]'€:' grgn — 6zwRe [Vogr + Vror) (1 — :E%;v — :c;,?)
+6aw s Re [Vigp + Vel (L+ oy —27) } - (4)
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Single top quark
production
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Single top quark production
q a q q g ¢ q t
T S
b t & b b w g b
U:USM(VE—FHVR VB + k" VL Vg + k9 g2 + k%R g + kIR grgr +...)

@ 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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Single top quark production

@ Processes currently under study:

t-channel (Wt-prod.)
I Observables: 2D angular distributions in t-channel production as a function of 6
spin observabels < S; 53 >, < Ty >, < A1 » > [PRD 93 (2016) 011301]
g \ 1) Double-differential distribution: \

>

N: t X

QO

q(2)

‘W momentum in the

top rest frame l dr 3 2 1 )
O = L (T0)(3cos G — 1)+ (S3)cos 6
I d(cos 6})dg; 871{3 * \/6< 0>( cos™ 0y )+< 3)cos 6y

+ (S1)cos¢;sing; +(S2)sing; sinb;

-
=

X

o

spectator quark in the |

top rest frame g
b A P,

% — (Aj)cos¢,sin26;, —(Az)sing, 51n26[}.

" charged lepton in the

| W rest frame

‘ 2) Agg and Agc Asymmetries: ‘

Sepes

~ N(cos6 > 0) — N(cos 6 < 0) _ N(cos 6| > ) = N(cos 6] < §)
N(cos6 > 0) + N(cos 6 < 0) 7 NQcosol > D+ N(lcosl < )

AfrB

T ()
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Single top quark production

@ Triple-differential (3D) decay rates of polarised top quarks
1=z define specific coordinate system (in t centre-of-mass):

z ‘ 1) System Definition (in t-system): ‘

2:p*W:
y=b:x By K= x By

, Pi=spectator quark mom.

| 2) Triple-differential distribution: |

&N )
0(6,6",¢";P) = N—d(wsf))dﬂ = { 4 |(1+Pc059)(l+c059)

8n
L3
4

o, |(1 Pcos6)(1 - cos0')?
+ 5(|Aﬂv%| (17Pc059)+|A0_,%| (1+Pcosy))sin29’

3V2

— 2 ZPsin@sin67(1 + cos6)Re [e"‘”‘Al 1AT |]
2 4404

3v2 - . S
- T‘/—Psinﬂsinﬂ (1-cosf )Re[e"”’ A-l,-%A(‘),ll}

12

k
DD UM O.6,87),

k=0 1=0 m=—k

Axyy.x, = helicity amplitudes — M{y(6,6",67) = V2nY7(0, 0¥/, ¢")

Results Interpreted in Terms of Anomalous Couplings (Vg, g1, 9r) ‘ [ next slide
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EFT/anomalous
Couplings
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Anomalous couplings/EFT parameters in global fits

General Witb vertex EurPhst C50 (2007) 519-533
g - _ g zid*q _
L = —Zby"(WPL+ VrPr)t W, Iple PL+ grPr)t W
2 Y (WP RPR) f My (9LPL + 9rPRr) w

vector (V&) and tensor like couplings (g1, gr) zero @ tree level in SM
5" EFT parameters: anomalous couplings described by effective operators
Ouw,Oaw s Of(; and Og4,q i.€., constraints on anomalous couplings equivalent to
constraints on EFT parameters (a more integrating framework) [arXiv:1802.07237]

Fits
PRD 97 (2018) 1, 013007 (TopFit), arXiv:1811.02492 Using:
os|- [EIYFit = = -
= — o =k ’ s
00 . = =- § ’
- 06 -
oaf- b A, 7, Wheys
Szl = Arg @
E; Foal
£ E 7,8,13 TeV
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Constraints from Global Fits

[Improvements from Theory]

ww Effective Field Theory approach (EFT):
EFT
Lrrr = Lsym + ZCz

A2
I3
M / . BSM

Precision EX| AL it
measuremehts Mcf e‘i.s
3 ‘ ‘ ‘ ] = Diepton kg
8 ot ~ Psaudo.Data
R Z\ o (3TeV)
£
o
2
w

I U | 1 1 1 Y
500 1000 1500 2000 2500 3000 3500 4000 4500

Dielectron Invariant Mass [GeV]

Antonio Onofre

Top Couplings @ Beyond...



raints from Global Fits

[Improvements from Theory]

ww Effective Field Theory approach (EFT):

@ Dimension 6 Operators:

¢ and p'D? (LL)(LL) (RR)(RR) (LL)(RR)
Qc Q, (¢e)® Q. (¢'o)(berp) Qu (Gl )(Lyl) Qe (&uer) (e e) Qi (Gl ) (@ e)
Qa Qu (#'e)0(e'p) Qu (') (@ w 4| Qu | ( ) Qu | () (8 )
Qw Quo | (#'D9)" (#'Du) || Qus (#'0)(@ds) [ Qui | (dyd,)(didy)
Qi 'J,J‘ ! Qu | L w)
Xy oD Q| Gur't) @ r'e) | Qu ( oy de)
= QW | (@yu)diyds)
e Qu | oer'eWy, | Q) (e DeeCr) O | @I u)@rTd) | QY | G drd)
Qe Qe | (o e)pB, QY | (D} )" y1) (T 0 AP T,
Qow Qua | (@0 T Qe | @Dy p)(En"er) (LR)(RL) and (LR)(LR)
Quiv Quv | @ew)T' W, | QW (#'iD,)@"ar) Quets (Be,)(dgt) Quug [(@2)cit
Qs Qus | (@o™u)gB. | QX | (D} @)@ v"e,) (@u)en@d) | Qo
Qi ¢ B, B Qe | @ T*d)pGh, | Qu | (#'iD,0)(a, (@ u)en(@ T | Qs
Quws Qav | @o*d)oW., | Qu | (#'iD.p)4, Q. (Be,)eju(du) [
Qivn Qus | (@0"d)pBu | Quua | i@ Dup)(a04d,) QP | Boe)enldo ) | Qu

@ Buchmuller, Wyler Nucl.Phys. B268 (1986) 621-653,
Grzadkowski et al arxiv:1008.4884
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Constraints from Global Fits

[Improvements from Theory]

ww Effective Field Theory approach (EFT):

@ Example of top quark operators:

NE 1. = 5
0% = iy (Y“T(B,’l;) (@rQ)
1. =

0% = Igyf (Pf(ﬁw) (QQ)

Oyt = iéy}z (ff(ﬁw") (t"1)
= ygu(Qo™ T t)gW],
O = yigy (Qo""t)p By
016 = yu95(Qo" T4 )G,
O =i (010) (Q1) &

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

S
!

MR
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from Global Fits

Notation | Sensitivity at O(A~%) (O(A™4))

[Improvements from Th eory] [ [smgiotop [ W | 1z | aw | siz | et | vt [
0Qq1 v v
0Qqs v v
oQt1 v v
. 0Qt8 v v
1 Towards a Global SMEFT Fit: y
0gbe. v
Top quark pair - ott1 v
RN Otb1 v
S én oes v
, oneas1 @)
/ 0QtQbs. )
Single top (t-channel) Singe top (s-chan 081qq v v v v v v
iy ) ottag | v] A AR RS
2 083qq | v V1 W|v|vlvl|vl|v
y >\A\\N< %ﬁ< 013 | V] v vlmm|w|v| v
08qt. v viv|v|vlv
/3\ 7 ¢ S ' oigr | [v] VW v v
08ut. v v v v v
Otut V1 Wlw|v|v
w 08qu v vilv|v|v
oo e w |1 il o]
% 27 -t otar | [v] vi|lw|v|v
N Peeoeee. f 08qd v v lv|v|v
! Otgd | [v] W{w|v]|v
0t6 v v v v v v v
otwW. v v v
. . obW ) V) )
@ Maltoni et al., arXiv:1901.05965 oiz v v
oee © |(@|m
0£g3 v v v
@ 34 d.o.f., > 100 observables onen ; .
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 LI T T RIS LA DPRO ORI RO DXL DT L N
3 PO (& o (T o (P o T FF P R PR S SR O
oo&&"’é”&o‘b@’o‘bo\&&&”q’O'”Oc)QcPOOO&%&()Oo&&OCTO‘QOQOOKO O ®

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

Simplified Likelihoods
® On the (practical) importance of correlations:

v Example: Interpreting ATLAS Run 2 Higgs STXS in terms of SM
coupling modifiers

5 agsdignala-2_ving ATLAS Combision (150 ') ATLAS coll., Phys. Rev. D 101 (2020) 012002 [arXiv:1909.02845]
= &
g ATLAS Vs=13TeV, 36.1 - 79.8 fo"
&8 my, =125.09 GeV, ly | <25
4 o o> Bl o= < B o 1 s
>2< 3 ov foz7 017008 007 001002 -001 004 {000 001001 000 002 004 -006-002-005 001 085:
X % osa 217l 09 022 008 oo« 008 007 03z 00001 052 0oz 038 010-008-015-001 =
s £ s 500 oas JRRo17 001 o1 s o0 oas 0001 02 0ot ot 01300 41-a10
S € 0.6
2 F oo 00722017 oes-028 048 o010 002 aor aos o o21-ons 003 407
¥ 9 22 001 005 00 -o0o 031 015 9851000 008 0 004 007 020-035 000015 91| () 4
N e 5 o o1 o R 5 oio s a1 o oo BB LR 14 oAk a8
o 8 oo o o 22 o A o o o v o o] 0.2
=
b oot 004 017 oon o1 a0 oo o2 001002 o0 omacsior o2 080
g lots 000 002 009 004 008 ‘012 000 002 il 012 015 005 (8881017 024 045 -0.13-0.10| 0
=~ 012 001 0.03 0.04 0.03 0.06 :0.10 0.00 001 0.19 021 04T 022 -0.18 072 0.12 -0.10
3 e oo oo s 8 o5 o o scnLors oroflfos o o o o o8| —|-0.2
o N uiog ATLAS Combination (10.8"") ocs 900 0c2 a0z 00 004 008 000011008 aatoos [0 am -o31-025.00 s
= £ ot oncaenc. | |5 o12 052 012 004 00 001 030 o0 01§ GE-er-oxo [0 oiamorn-or —-0.4
@ E L4 95% CL. Offcial 95% CL 833 004 600 a1 oom 620 03 001 00017 022 001 030 023
z 8 *h2 besft Offciatbestfc | 148 o -0.6
z © e 12 017 002-003-008-008 004 000 o2 Lo4s ATRIGRN

s g Ze===s -0.8
5 X © - \ 3.6
3 o olom so 2005 00 Gtiom on i s smom en sl o s B |
JEN- 1 A E3 FYE3333353 ddqan

T £ 2.4 [ EEEREREAR Zaa fa
- B Rk AR ] vy sig @
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raints from Global Fits

Simplified Likelihoods

¢ On the (practical) importance of correlations:

v Example: Interpreting ATLAS Run 2 Higgs STXS in terms of SM
coupling modifiers

P. Bechtle et al., Eur. Phys. J.C 81 (2021) 2, 145 [arXiv:2012.09197]

Neglecting Exp. Corr

Including Exp. Corr

HiggsSignala-2 _using ATLAS Combination (79.8")

Official 68% CL
Official 95% CL

Re-interpreted

between STXS

neglecting correlations

o]Real ATLAS C.R.

HiggsSignals-2 _using ATLAS Combination (79811 )

scurloge 000 os2 002 oo 604 008 000 -rions ezizace
. P Re-interpreted e
14} o waoswal ofical 5% ok a6 071 o8 028 98] 001 oswai? 022 oot a0 029
* h2 bestfc oicavens| Including correlations feows o oorfoat o
. between STXS o-005-019-011 028 12-003.000-012-03048 017
A Jazs o0 040007
30ax2 FiiiisffFiiiq
24 AERRUER LR LA
10 18 VP Uiy ek
i &
12 .
06 aatn aaHv | opkg-tn
%8Bz *Bz *Bz

0.8 -
"‘|Real ATLAS C.R.| .2
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Main Topics in this Talk

« Global Fits of Data
» More on Top couplings:
Top-Higgs Yukawa Couplings

....a change in analysis strategy
to improve performance,
required?

Antonio Onofre Top Couplings @ Beyond...



Top-Higgs Yukawa Couplings

I all about top quark-Higgs Couplings!

@ the top quark has the biggest coupling to the Higgs SM boson (Y; ~1.)
@ precision measurements of top quark Yukawa couplings are really
important

o ... as well as deviations !!!
@ need also to understand the nature of the coupling (h = H, A)
@ indirect constraints are important (involve several contributions)

. % gluon fusion . How
top-Higgs g ~ " N »
interactions N -

bt - -----<1 R
contribute to gﬁ" H ~Noy H @

the loops

" probing CP-even(a) -odd(d) nature of couplings in ttH,
Ly ~ [kt + ikiys] ~ [kcos(a) + iksin(a:)ys]
PRL 76, 24 (1996) PRD 92, 1 (2015)
J.F.Gunion, Xiao-Gang He i F.Boudjema, R.M.Godbole, D.Guadagnoli, K.A.Mohan
a, @, by, bp, bs...bs = 57k A1+, 1=), BppA0"(1+,1-)
B = sgn((s — B5) - Pe- X Pe+))

cos(AG (T, 0)) = (Ph X Po+) - (Ph X Py-)
’ [Ph X Pe+[[Ph X Pe-|

@ need to understand ftH production and decay

arXiv:1611.00049v2, A.Broggio,A.Ferroglia,B.D.Pecjak,L.L.Yang
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Constraints from Global Fits

Great first episode - first appearance of a constraints on the top CPV angle!

- Yro_
pp — (h =yt PPV = sz ik, + iRys) th

All measurements are consistent with the SM expectations, and the possibility of a pure CP-
odd coupling between the Higgs boson and top quark is severely constrained. A pure CP-odd
coupling is excluded at 3.90, and |a| > 43° is excluded at 95% CL.

Sl T T T T T T
. F —® + Best fit Xsm
a 15 ...20 p— E|
3 et
o5

K, = k cosa

R, =k sina

E ATLAS Preliminary

E (5=13Tev, 139 10"

L L \E
45 -1 05 0 05 1 15 2

K,cos(0)

ATLAS COLLABORATION, PRL 125 (2020) 6, 061802
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raints from Global Fits

The spin averaged cross section of tth productions has terms proportional to a2+b2 and to a2-
b2. Terms a2-b2 are proportional to the top quark mass. There are many operators that can
distinguish CP-even and CP-odd parts.

2 o2
PPt
by = Like a good port wine!
<pas 2343
e PP @ \§=13TeV fiH tiA 1ibb
0.04}— MadGraph5_aMC@NLO K-S test (tiH, “A) = 0.267
Parton level

GUNION, HE, PRL77 (1996) 5172

GoDBoLE, G 1, MoHAN,
PHYS.REV.D 92 (2015) 1, 015019

\"'--»- P, AMOR DOS SANTOS EAL PRD96 (2017) 013004
oo _— y
| | , ]
-1 -05 0 05
b, E|X 0.04
. S8 pp@ s=13Tev fiH A b

MadGraph5_aMC@NLO K-S test (tTH, s 0187
Rec. w/o truth-match

™
IO pp @ =13 Tev fiA tibb

MadGrapht_allCENLO S test (T, A o213
Rec. w/ truth-m: =

I




We are testing several variables, combining them, to improve the bounds

LHC, /s =13 TeV gl
Nadrpns sconLo sin@-sin(eh)

e 2 Lumi= 3000 fb™" . cL
,
e e 0| 075
-1 e
2 ~oy " * 2 32
« (ak; — bky)  (ax; + bk;)
’I‘..I:E,;': =M:2"1L'5V Best of All Asymmetries CL
3000 1 =125GeV
5, Lumi=3000 fo m, “ e
:
Preliminary! - Asymmetries -
The plug plot = o less systematics
.
23 E] o T E
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+E?

r

K+

K=

More shapes?

=2 =2
Opp = K* Oy, + K" O

a,(rad)

a,(rad)

alpha intervals

68% [-179.64°,138.24°][-41.76" 41.40°][138.24°,178.64°]
o 95%: [-179.64°179.64°]
o alpha intervals

68%: [179.64°,-141.12°](-39.24",39.24°1[140.76°,179.64°]
- 95%:[179.64°,-108.36°][-71.64°,71.64°1[108.36",179.64°]

ELLIS, HWANG, SAKURAI, TAKEUCHI, JHEP 04 (2014) 004

MILEO , KIERS , SZYNKMAN , CRANE, GEGNER, JHEP 07 (2016) 056
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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 !!!

Top-Higgs Yukawa Couplings (contribution to the HL-LHC):
1) many new angular observables available

2) sensitivity of the semileptonic final state better (factor 5) then
dileptonic

3) combination allow probing top quark Yukawa coupling in the
fermionic sector
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