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Observation of Higgs-Top and Higgs-Bottom couplings
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Top-quark Yukawa coupling
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Narrow width approximation
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Higgs width affects all the Higgs measurements.

Q1: can we determine K; without those assumptions?



Higgs boson width measurement
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Recent measurements of Higgs width

Direct measurements:

CMS, 1706.09936 CMS, 1605.02329 ATLAS, 1808.01191
(13TeV, 35.9fb-1) (7+8TeV) (13TeV, 36.1fb1)
gg > H— Z7*% - 4¢ gg > H—-> WW* - 27 + MET
'y < 1.10 GeV 'y < 13 MeV 'y < 14.4 MeV

Indirect measurement through invisible decay:
ATLAS, 1809.06682 (13TeV, 36.1fb"1)
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Q2: alternative way to measure Higgs width?



Four top-quark production
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Measurlng from four top-quark production
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o(titf) = oSM(tttt)g,Z,y +x’ooM + ko SM(tttt) .

LO 8 TeV 1.344 -0.224 0.171 in unit
13 TeV 9.997 \ -1.547 .10  °ffp
| )
SM _
g = 12160 osv — 0262
NLO corrections: GE/M = 0412

Bevilacqua, Worek (2012) & /
Alwall et al (2014)
Frederix, Pagani, Zaro (2017) significant cancellations between

. strong and weak interactions
Kfactor 1.58
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Collider simulation
Event Topology: same-sign charged leptons plus multi-jet (b-jet)

leptonic
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Event selections:
. 13-14TeV 27TeV 100TeV
€ A

: ]Vjets > 5 ]Vjets > 6 ]Vjets > 6
|| < 2.5
;> 100GeV 150GeV  150GeV
N =2 M, > 100GeV
Np_jets = 3 H, > 700GeV 700GeV ~ 800GeV

Backgrounds: 7z, iW*, WEW3jj, tf

KiW =122 K" =127 K =149 kV"Vi=09 Kl =14 @14TeV



Collider simulation

Event Topology: same-sign charged leptons plus multi-jet (b-jet)
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Not adequate to claim a discovery of K, at LHC but could set a bound

K, < 1.34 @ 13 TeV LHC (300fb1)



Sizing up top-quark interaction with Higgs

Four-top production CMS arXiv:1710.10614 359 fb” (13 TeV)
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Q3: CP property of top-Higgs interaction
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Potential of four-top measurements
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Global analysis of multi-top productions
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Global analysis of multi-top productions
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Global analysis of multi-top productions
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Global analysis of multi-top productions

@ HL-LHC
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Summary

The four top-quark production can constrain
top-quark Yukawa coupling without assumptions
on Higgs boson width or decay branching ratios.

The four top-quark production is sensitive to
the CP property of top-Higgs interaction.
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Global fitting of single-Higgs, tftt and tthchannels yields
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Measuring " from four top-quark production
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____________ 84 Lt
8 TeV 1.344 -0.224 0.171
LO 13 1ev 9.997 -1.547 1.108  in unit
14 TeV 13.14 -2.007 1.515  ofib
27 TeV 115.1 -15.57 11.73
100 TeV 3276 -356.9 273.1
Relative ratio 8~12 -1.3 1

cancel out around SM k;, = 1
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—  Zaro’s talk @ Top2018
Ny O Klh
Results for 4-top: I

inclusive results

® The gg-initiated contributions (LO| -3,

|13 TeV

NLO|-4) are the dominant ones OV p=HoB a=HrR p=M/
® LO,3 are large and with different sign % Lo e
® NLO,;3 are sizeable too,and show a very large 1o, 0.2 0.3 0.4
scale dependence: they are mostly due to LOs 0.02 0.03 0.05
QCD-type corrections from LO23 respectively | Eigl 184-60 2,2 f’;i
® Remarkably, there is an almost complete | NLO. 103 18 16.1
cancellation between NLO; and NLO3 which ' NLO, 2.3 2.8 3.0
is also quite stable w.r.t. the scale choice EESZ <061.31 <O'01.gl <O'01.21
® Such a cancelation will be spoiled by e.g.non- -~ my v
SM Yukawa interactions. A LO-based study may
not capture the correct behaviour of the cross qq

section

R. Frederix, D. Pagani, and M. Zaro, QC% o 6 0 6 6 NL
JHEP 02, 031 (2018), 1711.02116 as  aad o?ad ada? otas o

00 06 2~
v
O



