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Main Topics in this Talk

o 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...



Main Topics in this Talk

o 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...



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

Y (VLPL+ VrPgR)t W_

B’Uﬂ qv

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

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

Effective Wtb vertex from dim-6 operators

Y (VLPL+ VrPgR)t W_

B’Uﬂ qv

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

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

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

Effective Wtb vertex from dim-6 operators

Y (VLPL+ VrPgR)t W_

95
\/_

_[ 124 by _
%b 7% (9P, + gk Pr) t Wy +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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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':

@ Top quark pair production (tt) <
(i) semileptonic channel f
(i) 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= Observable(s angular distribution(s) cos 05 [Fo, Fi, FR]

" b Vel g evye0 “
L —— W —) Arp
1/ ;
i +1/2 @

+1/2 +1/ + 0 =7 — g A, 4| A
v B e cosf*, s

1 4N 3 sin6;\2 1—cos6;\? 1+ cos 6} \?

NW‘z[F"(ﬁ)*ﬁ( 2 )“"( 2 )

EPJC77(201 7)264

E atias ' ' ‘ st | 3

g 7000 £ Leptonic analyser (] B:zkgrlound E

0 L R 5 6000 ;—JLmzzuzm", 5=8Tev + Data =

W Longitudinal W Left-Handed W Right-Handed § 5000 - etjets (> 2 b-tags) 1e+jets (> 2 btags) E

fraction fraction fraction w E El

4000 E =

SM 3000 £ E

Fy¥ = 0.687 £ 0.005 E E

2000 E

F™M =0.311 £ 0.005 - E

SM E E|

FR™ =0.0017 £+ 0.0001 E E

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

Data/Fit
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Top quark pair production (1)

wrra>

Summary of W-boson helicity meas. @ LHC %

19.8 fb! (8TeV)
N EoemARRERESS:

ATLAS+CMS Preliminary November 2017 x>
LHCtopwG total stat
Theory (NNLO QCD]
L PRD m?;o(m; nnsmSR) ) Fr FL Fo
<
—e—=—+ Data (F /F /Fy) g
@
o
ATLAS 2010 smgle lepton, \s=7 TeV, L =35 pb™ H—e— H-— H———H ]
ATLAS-CONF-2011-037 5
ATLAS 2011 single lepton and dilepton, Vs=7 TeV, L =104 ! HH HiH [ ]
JHEP 1206 (2012) 088
CMS 2011 single lepton, {s=7 TeV, L _ =221 1x [ HaH b—a—H
CMS-PAS-TOP-11-020
LHC combination, fs=7 TeV e hay HraH
LHCIOpWG ST e e e
ATLASCONF-2013-033, CMS-PAS-TOP-12-025 RS SAL NASARSAI DARAAALNARA R R
ATLAS 2012 single lepton, Ys=8 TeV, L,=202fb" o L L i T E
EPICTT (2017 264 . 08 -06 -04 02 0 02 04 06 08
CMS 2011 single lepton, ¥s=7 TeV, L, =5.0 fb” [ i o Leptonic cos(@")
JHEP 10 (2013) 167
CMS 2012 single top, {s=8 TeV, L_=19.7 fo™* o HaH HH 19.8 fb! (8TeV)
JHEP 01 (2015) 053 nt W o8lC "
- 1 ¥ cms et
CMS 2012 slngle lepton, Ys=8 TeV, L, =198 fb" L. il HH
PLB 762 (2016) 5: O utjets
CMS 2012 dilepton, {5=8 TeV., L, -197fb‘ - J Ha] 0361 o I+jets combined
* superseded by published result L L . osl * SM
0 0.5
W boson helicity fractions
0.32f—
AFy/Fy ~2.7% (3.7 theo. unc.) osal-
—95% CL
AF;/F; ~5% (3.1x theo. unc.) oml
I | 1 L L |
Fr=-0.008+0.014 o0& o6 o o6 o o om o7 o1

Fo




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

g7 mf 2 2 2 2 4 2 2 4
r = EJM(&? {[\VL| + |V ] (1+$W—2xb—2xw+zwwb+wb)

1222 m Re ViV + 2 [lgn + Jgal?] (1 W g2 T TWT
wtp LVp gL QR] D) Ty 5 ) + o

— 1227, Re grgp — 6zwRe [Vigh + Vrg}) (1 — - mf)
+6zwzsRe [Vig] + Vagh] (L+ 23 —27)} . (4)
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Single top quark
production
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Single top quark production
q 7 q q g t q t
D R S
b t & b b w g b
o =osm (VB + k%" VE+ kYR VL Vo + k% g8 + k% B + k9T g gr +...)

@ the k factors determine the dependence on anomalous
couplings

o 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:

q' q b w
w ¢ ZV b
b b
g b g t
t-channel (Wt-prod.)

I Observables: 2D angular distributions in t-channel production as a function of 6
spin observabels < Sy 23 >, < To >, < Ay > > [PRD 93 (2016) 011301]
N=58x4g \ 1) Double-differential distribution: \

-
Il

Ke)l
X
=

‘W momentum in the
e rome 1 dr 3(2 1
orre —{—+—<T0>(3cosze;-1)+<s3>cos0;

Tdcos6))ds; ~ 87\3 v
+ (S1)cos@;sing; +(S2)sing; sinb;

it
spectator quark in the |
top rest frame H

¥ i Ap P,
% — (Aj)cos ¢, sin26; —(Az)sin¢,sin26; ;.
' charged lepton in the
| W rest frame

N (-9)

‘ 2) Agg and Agc Asymmetries: ‘

_ N(cos@ > 0) — N(cos 6 < 0) _N(IcosGl>%)—N(|cosH|<%)
e N(cos® > 0) + N(cos 6 < 0) €7 Nilcos o > 1) + N(lcosdl < 1)
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Single top quark production

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

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

2=py, =PBy/|Pyyl, Pi=spectator quark mom.

y=Bx By K= x by

| 2) Triple-differential distribution: |

. x 1 &N 13 2 ) e
0006 P = e = Q{Z|A,V%| (1+ Pcos)(1 +cos ")

3 2 i
+ Z|A_L_%| (1= PcosO)(1 - cos0")

3, P d e
3 (g @ = Peosor+ [agy[ 1+ Pooso))sint o
3vV2 e
- %[Psinﬂsinﬁ'(l+c050‘)Re’e’° AL%A('H]
4

32 "
- TfPsinGSinG'(l —coso')Re[e'” A A;J‘}

12 &

DL D arinME6.6.6),
=0 m=—k

k=0 1=0 m=-I

Axyy.xp = helicity amplitudes — M(6,6",¢") = V2rY}(6,0)Y"6", ")

Results Interpreted in Terms of Anomalous Couplings (Vg, 91, 9r) ‘ I=5° next slide
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EFT/anomalous
Couplings
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Anomalous couplings/EFT parameters in global fits

General Wib vertex Eur. Phys J C50 (2007) 519-533
9 z - g9 " qy -
L = —ﬁb’y (VLPL+ VRPR)tW \[b M (gLPL-l-gRPR)tWM
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:
osr- Wit = an
95% C.L. Limits — o0sf- 6 C.L. Limits A
ot —: gl zg
08 . e A
[_Jos 06— =
b N o, Wheys
o2 > Ag @
El Fool-
E E 7,8,13 TeV
T o
o2 02l
04— 04—
1 1 | PR | | 1 1 I 1 | ]
N TN TR BT N T
Re(g) Re(g,)
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Constraints from Global Fits

[Improvements from Theory]

ww Effective Field Theory approach (EFT):

EFT
9

ﬁEFT:£SM+E Cis et
A2
i
SM / BSM
Precision Explicit
measurements szcke(ls
/ \
/ E ?
: v 1 :
E
1k E
1o
10° E
10°F A
10* 5700 200300 400 TG00 20, o T o0 Tev
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Constraints from Global Fits

[Improvements from Theory]

i Effective Field Theory approach (EFT):

@ Dimension 6 Operators:

X3 ¢ and ¢'D? Vi (LL)(LL) (RR)(RR) (LL)(RR)
Qc Q. wte)? Q.. (#'e)Lerp) Qu (Gl )L t) Qe (Emuer) (€ er) Qu () (7€)
Qs | rmEvem e | Qo | o0y || Qu | (PG Q| @)@ | Qu | @rad@ru) | Qu| Gl
Qw |ewiwiwse | Qo | (@D%) (0D.0) | @ | (Po)ad0) Q| Gure)@rre) | Qu | Eud)dord) | Qu|  (Gyb)d
Q | W IewE Qi': Gl @) | Qe | (@)@ u) Q:‘ (@79:)(Es
o X "D Q| Gur't) @ r'a) QH. (epmer)(dir*de) QT:‘ (,,;,,‘,,, )@
Qua doar e | Qu | (owe)row!l, [ QW | @B, o)Gr) Q“.‘ i hod B
v PP b e ww o Bt QY | @T u)drTa) | QY | @ar)(durde)
Quz etoGAG™ | Qs | (o™ e)eBu | QF ;’rllé;)(i,v’w"r,» Q% | T a) T,
Qow | #leWLW™ | Qui | (@0 T*u)PG | Que (;’tﬁ,.;)(m“n) (LR)(RL) and (LR)(LR) B-violating
Qi | PeWiw™ | Q| (@ou)r'eWL, || QW ;*LDu ©)(@7"a) Qo (en) ) Qo e [(d2)70u] (@) Ot
Qs ¢l B, B Qus QR | (¢'iD} p) @' a,) Q| @wen@d) | Qe e, [(¢9)Ca] (1) Cel)
Q5 #le BB Qe | @ T*d)pGh, | Quu | (i, )(@0"u,) QP | @Tu)en(@Tdy) | Q4% et (4 Ca] (™) CT7)
Quwn | rloWLB” | Qav | @od)r'o WL, | Qu | (¢iD.p)dnd) QU | (Be)en(@u) 254 £ (r1e) 1(77€)ma [(437)7Ca] [(a7™)TCE]
Qv | P'T'eW, Qas | (40"d)¢pBu || Qeua | @' Dyup)(u7"d,) Q. | Bowe)ein(@o™w) || Quu & [(d5)"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:

3 1 p a1
O = isv} (Y**(B,’.v) (@"7'Q)
1 1
OL(Q = li.l/fz (Y <5>lt*r’) (Q'J Q)
1 — _
Opt = 12Uf (Ff D,,p) ()
Owy = ytgu‘(QUIWT t) ”/U/
O = Yytgy (QU“ )~B/11
016 = yugs(Qa" T) 3G,

s
Oty =4} (o o) (Qt) &

+ 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~%)) |
[I m provements from Th eory] [ Jsingiotop | o | 1z | aw | vz | an | et | b
0QQt v v
0Qqs v v
oqt1 v v
o0qts v v
i Towards a Global SMEFT Fit: ‘
0Qp8 v
S— oeet v
”4>—\—" otb1 v
én otbe v
¢ 0Qtab1 W)
b Z:Z P 0Q:Qp8 )
Single top (t-channel) Single top (s-channel) oo 081qq v v v v v v
ottag | ] W@~
| 083qq | v ] mivi|vlv|vl|lv
b o13qq | Iv] v VWM v
08qt v viv|v|vlv
0iqt vl V|| vl v v
O8ut. v v v v v
ot | [v] vi|lw| v | v
08qu v v v v v
Oiqu vl Vvl v v
o08dt v v v v v
0O1dt vl v1 v v v
08qd v viv|v|v
O1qd vl Vvl v v
0t6 v v v v ' v v
otwW. v v v
o © |@|w
@ Maltoni et al., arXiv:1901.05965 o y ‘
33 ) [CORRC)
0£q3 v v v
@ 34 d.o.f., > 100 observables opa ‘ ‘
opt v v
otp v




Constraints from Global Fits

[Improvements from Theory]

> Jowards a Global SMEFT Fit: Results

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

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

O L OFE T T OISR IPRYO ORI P DO L DD
SRS YRS R RS 2 TSN PRSI IR RS S P P DL PR XKL S &
o&x&xé,&»&&&&&&&»%&o‘c)o&o()@cz&o&oo&o@&ocﬁoo\o TP

@ Maltoni et al., arXiv:1901.05965 [LHCTopWG EFT note, arXiv:1802.07237]
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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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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 TN N
interactions H. ____'QN I
contribute to N " .
the loops g Lo L

I" probing CP-even(a) -odd(d) nature of couplings in ftH,
Ly ~ [ar + ibsys] ~ [cos(a) + isin(o)ys]

PRL 76, 24 (1996) PRD 92, 1 (2015)
J.F.Gunion, Xiao-Gang He o F.Boudjgma, R.M.Godbole, D.Guadagnoli, K.A.Mohan
ai, a, b1 ) b27 b3b4 =L A¢tt(l+9 Ii)! IBbBAelh(l+’ li)
A
B = sgn ((Bb — Pp) - (Be- X Pe+))
cos(ABeh(e+, gy = P X Per) - (B X Be-)

[Ph X P+ || Pn X Pe-|

@ need to understand fiH production and decay

arXiv:1611.00049v2, A.Broggio,A.Ferroglia,B.D.Pecjak,L.L.Yang
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Top-Higgs Yukawa Couplings

3w2 Top pair Branching Fractions Higgs Branching Fractions
s

g “alljets” 46% other* (11.2%)

T10 Y¥ (0.2%)

1 \

g

-1

2Z:4
tHets 15% ® - Qﬂ%

10" v A%
11*!’ 2
e )
wets 15%
102 Wik S

NP TN NPT qzan e

10 1 13 14 1 ) etels 15% . .
0.13 pb 0 1z 3\‘§[TeV]5 "dileptons™ lepton+jets’
5P 0.50 pb




Top-Higgs Yukawa Couplings

% b, & One bin % —e— b,
3 CP-odd exclusion 3 i o cP-odd
3 D@+ - | A dilepton 3 R sm(e‘; )sin(el) +jets
é |Agi+ 1) B | At é —— sin@™sin(8},)
'“g sin(@)sin(8!) - sin(6)sin(@} '“g —v— sin(d‘“')sln(e’*)
S S
1 1 e
9 o %
/ A5 95% / 7 95%
5 /
08 % 08 ?'/.
0.6 0.6
100 200 300 400 1000 2000 3000 I 200 300 400 1000 2000 3000
Integrated luminosity (fb™) Integrated luminosity (fb™)

Direct Dileptonic exclusion limits as a function of luminosity
[arXiv:1902.00134v2]




Top-Higgs Yukawa Couplings

T T
3 —e— Full combination Epoodd K 8- cosa=09 ®- cosa=08 cosa
> £r-odd ex 2 4 cosa=07 - c0sa=06 using An(l+,I)
e —=— |+jets combination e dilepton
o o cosa=0.5 - cosa=0.4
2 ' - 3
£ —=+— Dilepton combination = c0sa=0.3 c0sa=0.0
5 &
S (SIS
— 95%
A 95% -
s
/ - /
0. /
08 i
/ ” g JI/I
0.1 ¥ - -
—u .
100 200 300 400 1000 2000 3000 100 200 300 400 1000 2000 3000
Integrated luminosity (fb™) Integrated luminosity (fb™)

Direct Semileptonic+Dileptonic exclusion limits as a function of
luminosity [arXiv:1902.00134v2]

Semileptonic channel roughly x5 better than Dileptonic
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Top-Higgs Yukawa Couplings

far’

eA0™(t h)

Al

The role of ttH centre-of-mass system
[Phys. Rev. D 100, 075034 (2019)]

LHC, 5=

(m, =125 Gev) LHe, 5=
MadGraphs_aMC@NLO W

Madoraohs avC@nLo

Al

2 3
Ae“"(tm AB'"’(tnw ae™(t

earf)

LHC, f5=13 T
MadGrapht SMC@NLO

™= Ae"“(lm h)

B x ko). x k)

b{(i,j) =
15 |17} |

b
f f
. Pi, Pis
bi(,5) = T T
2z
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Top-Higgs Yukawa Couplings

The role of ttH centre-of-mass system: the b, variable
[Phys. Rev. D 100, 075034 (2019)]

o . x10°

Z|5 >

ES LHC, (5= . i) HC, (5 = .

-z MadGrapRE aMC@NLO ,FM "h=H) m_ =125 Gev “z mgcrapn5samc@NLo {h (h=H) m =
ILO+Pythia6 P G N +Pythiat -
N 4 tth (h=A) m =125 GeV/ Py tth (h=A) m; 5 Gev

o LAB Frame {tH Frame

1 0.5 0 0.

o

5 1 05 —
%, = by*%(th) x, = bi(th)
o1 5712107
gz C, 5= B e -
ubb
-z mgc’r:aphs “dicanto tth (h=H) m =125 GeV -z mgcgphstaMc@NLo Rtk m, =12

tth (h=A) m'=125 GeV tth (n-A) m' =125 Gev

"
]

|
436 I
|
I

1 ! ! 1
X, = bEE() %, = B




Top-Higgs Yukawa Couplings

The role of ttH centre-of-mass system: the b, variable
[Phys. Rev. D 100, 075034 (2019)]

x10° x10°
2| 2|
S LHC, (5= . N HC, 5= 13 Lbb
-z mg%ap“%ﬂMC@NLO Hhth=r) m =125 Gev -z Nng’a‘m%aMc@”Lo tth (h=H) m_=125 Gev
=125 GeV +Pythia (h=H) m, =125
vinia tih (h=A) m’=125 GeV P tth (h=A) m’=125 Gev
A 5ol A

LAB Frame _ ttH Frame

, 1
x, = by"(th)

x10° 2107
8 e e S [ e 6
1z mfgc{aaphs aMC@NLO "L (h=H) m,=125 Gev ~z NESG{:@WS{MC@NLO
50| tth (h=A) m =125 GeV/

1 05 0 05 1 cfl 0.5 o 05 . 1
Xy = byt Xy = bi(tf)




Top-Higgs Yukawa Couplings

The role of ttH centre-of-mass system
[Phys. Rev. D 100, 075034 (2019)]

Eventslbin
8

200 [
80 —

-
“1 -08 -06 04 02 0 02 04 06 08

B4C)

MadGraph5_aMC@NLO @ S 250 MadGraph5_aMC@NLO
E=13Tev, [L=1001" {Hxao g E=13Tev, [L=1001b" (i xa0
SR Hets
Dilepton, 24 jets, 23 b-tags tt+hb Dilepton, >4 jets, 23 b-tags {E+bb
P ’ 9 single top 200| P E 9 single top
(3 3%

-1 -08 -06 -04 02 0 02 04 06 08
A

% as0f- MadGraph5_aMC@NLO

§ E:llTeVJ‘L:lUth’

i

3001~ Dilepton, 24 jets, 23 b-tags

250

200

%1 08 06 04 02 0 02

tTH x40

(T+b5
single top

Eventsibin

MadGraph5_aMC@NLO v
G=13 Tev.J'L:mom’ (iHxdo
Dilepton, >4 jets, 23 b-tags ti+bb
Single top
vV

08 -06 -04 02 0 02 04 06 08 1
A

: the bo and b, variables

biih(tt)

biih(th)




Top-Higgs Yukawa Couplings

The role of ttH centre-of-mass system: b, and by
[Phys. Rev. D 100, 075034 (2019)]

- BB(L) o bgh(t,f) CP-odd exclusion

ilepton
+bA8(t,h) + b(t,h

S0 1000 1500 2000 %500 3 500
Integrated luminosity (fb™)

) -—bgh(t,f) CP-odd exclusion

ilepton
+ b B(t,h) - b(th

Confidence Level
Confidence Level

Too0 100 2 2500 3000
Integrated luminosity (fb™)

Figure: Expected CLs, assuming the SM (including the scalar Higgs), for exclusion of
the pure CP-odd scenario for dileptonic tth (h — bb).

b}, (in the tth) requires 250 fb~" less lumin. for the same CL, when comp. to LAB
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Top-Higgs Yukawa Couplings
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To conclude, we presented the first single-channel observation of the ttH process and the first
measurement of the CP structure of the Htt coupling using the H — < channel. The cross
section of the ttH process is measured to be oy B, = 1.56703 fb, corresponding to 1.38793¢
times the SM prediction, with a significance of 6.6¢. The data disfavor the pure CP-odd model
of the Htt coupling at 3.20, and a possible fractional CP-odd contribution is constrained to be

FEnt = 0,00+ 0.33 at 68% CL.
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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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