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Higgs boson & top quark = HEPHY
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Discovered by ATLAS & CMS

Newest fundamental particle discovered
Detailed measurements using LHC Run 1+ Run 2 data
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® Observed [ +1 5D (stat)
cMS = +1 SD (stat @ syst) -11 SD (syst)
Run 1:5.1 fo (7 TeV) + 19.7 fb™ (8 TeV) —— Total D Stat. Only — +2 SDs (stat @ syst)
2016:35.9 fb' (13 TeV) B : Stat Syst
Total (Stat. Only) Ky - 1.02:008 2005 005
Run 1 Hoyy —_— 124.70 +0.34 ( + 0.31) GeV -
Kz 'G‘ 1.04:007 005 005
Run 1 H— 2Z— 4l —_— 125.59 +0.46 (+ 0.42) GeV -
Ky - 1.104008 006 005
Run 1 Combined — 125.07 +0.28 ( + 0.26) GeV -
T Kg - 0.92:008 2005 006
2016 H-yy —— 125.78 £ 0.26 (£ 0.18) GeV |
K, 11
2016 Hos ZZ— 4l 125.26 +0.21 (£ 0.19) GeV iR = 10155 ot 2008
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Higgs boson & top quark

Discovered by ATLAS & CMS

Newest fundamental particle discovered
Detailed measurements using LHC Run 1+ Run 2 data

CMS
Run 1:5.1 fo (7 TeV) + 19.7 fb™ (8 TeV) — Total D Stat. Only
2016:35.9 fo! (13 TeV)
Total (Stat. Only)

Run 1 H-yy [ — 124.70 £ 0.34 (£ 0.31) GeV
Run 1 H— ZZ— 4l —_— 125.59 + 0.46 ( + 0.42) GeV
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2016 Hoyy — 125.78 +0.26 (+ 0.18) GeV
2016 H— ZZ— 4l ——rt 125.26 £ 0.21 (£ 0.19) GeV
2016 Combined 125.46 £ 0.16 (£ 0.13) GeV
Run 1 + 2016 125.38 £0.14 (£ 0.11) GeV
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Discovered in 1995 by CDF & D@

Precision measurement with LHC data
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CMS Top quark summary results
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JHEP 07 (2011) 049, 36 pb'

Dilepton
EPJC 72 (2012) 2202, 5.0 fi5”

All-jets
EPJG 74 (2014) 2758, 3.5 fo!

Lepton+jets
JHEP 12 (2012) 105, 5.0 b

Dilepton
PRD 93 (2016) 072004, 19.7 fo”!

All-jets
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Single Jet, p_> 400 GeV
PRL 124, 202081 (2020}

Single top
TOP-19-009 (2020), 35.9fb™
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arXiv:1608.01881 (2016)
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ATLAS, CDF, CMS, DO
arXiv: |403.442[7 (2014)
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Higgs boson & top quark
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Discovered by ATLAS & CMS Discovered in 1995 by CDF & D@

Newest fundamental particle discovered

Detailed measurements using LHC Run 1 + Run 2 data Precision measurement with LHC data

CMS 138 fb™! (13 TeV)
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Higgs / top couplings to fermions and Gauge bosons

CMS Top quark summary results

« Precisely known in SM
« Look for deviations from SM predictions
— [f found, signature of new physics

Tevatron combination
arXiv:1608.01881 (2016)

World combination
ATLAS, CDF, CMS, D0
arXiv: MUS.MT (2014)
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Vacuum stability influenced by top quark mass
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Vacuum stability influenced by top quark mass See Rick S. Gupta’s talk for details about effective field theory (EFT)
i1 2,2 4 .
V(o) =—m"0" + Ao Many top & Higgs processes coupled by EFT operators
top EW
@ "IN
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Anomalous couplings of Higgs boson = HEPHY
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Higgs coupling to Gauge bosons

[vv Kfv‘?%JFK;Vq%-I 2 VV (1) px(2 VV (1) 72(2
v g AHVV) ~ rl + ( VV)Z J mMy1€v1€v2 + a5 fuw f*( );iv+a3 o f*( Juv
A
""""" 1
H H
v g Experimentally probed by measuring cross section fractions

|%F@ (%)
: : : .= sgn
Higgs coupling to fermions my Ty Poy+ lay o+ as 2oy + ki Pony + |7 26l a
A(Hff) = __"U lpf (Kf + lfor}’S) lpf

: : Hff ‘Ef‘z Ky ivi Hff ~1 K
Measurement observable: cross section fraction f., = ——-——=5sgn| — | OF MIXing angle o' = tan —
f
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Anomalous couplings of Higgs boson S HEPHY

vV VvV
Kq ‘7%+K2 q%-l m%l
2
(W)

Experimentally probed by measuring cross section fractions

AMHVV) ~ {a}"’ +

Evi1€vo 14, f;u(f )f @1+ a, f;n(f )f @)

2
_ |a;|” o; Sgn(ai)
ai = 2 2 2 2 Zv12 7 —
g lay |70+ |ay|"or + |a3|"o3 + |k |Toa1 + |77 |7 03] 4
A(Hff) = —?ll’f (Kf + ”Cf’ha) P
: : Hff ‘Ef‘z ;Ef i Hff -1 Ef
Measurement observable: cross section fraction f., = ——-——=5sgn| — | OF MIXing angle o' =tan —
P x| % + | K¢ |? K¢ K¢

Difficulty: Performing an optimal multi-dimensional measurement with many independent variables

Matrix element likelihood approach (MELA)

_____ — Construct discriminants sensitive to individual anomalous couplings

P,
. 8 pint O
Two kinds of MELA observables:  Dygy = Poul€)) Dy = iM_BSM( ) =
Psn(€2) + Ppsn(€2) Py (QY) + Ppgm(Q)
Example topology:
Pure BSM SM-BSM interferences / 22

VBF H production + H— TT decay
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Higgs to electroweak vector boson

couplings: H-

TT final state
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1
CMS VBF, 1,7, : 138 o' (13 TeV)
' T H T T —4— Observation
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Higgs to electroweak vector boson couplings: H— TT final state = nepny
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arXiv: 2205.05120 CMS VBF, 1,7, : 138 fo' (13 TeV)
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Higgs to electroweak vector boson couplings

138 b (13 TeV)
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CMS 138 b (13 TeV)
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<~ o™

W

/4

ok VV (1) 4 VV (1) 74
€516%, + a, me )f (2)pv +£I3 f}ll(’ )f (2)uv

Parameter Observed/(103) Expected/ (1073)
68% CL 95% CL 68% CL 95% CL
fa 006505 [-0.01,1.30] 0.00+0.06 [-0.23,0.23]
fa2 11703 U[-1.8,-0.1]  [-34,3.2] 00m0e [—1.4,1.5]
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Higgs to electroweak vector boson couplings = HEPHY
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arXiv: 2205.05120

CMS 138 tb™" (13 TeV) CMS 138 tb™" (13 TeV)
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Higgs to electroweak vector boson couplings with off-shell H:  aJ

7 HEPHY
* INSTITUT FUR HOCHENERGIEPHYSIK
— —> 4 — —
Nare Phys. 18 2022y 1320 > 22" = 4-lepton / 2-lepton + 2-v final state
CMS Simulation 13 TeV CMS | <1 40I fbo' (13 TleV) CIV|IS | <140 fb' (13 'II'eV)
= T T LA B B T B [T m T T T "] r ' ' ' ' T T T T 1
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Higgs to top quark couplings: H—= 4-lepton, Yy, TT final states =i Hepny
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Higgs to top quark couplings: H— 4-lepton, yy, TT final states Zihepny
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CP nature of Higgs to top quark coupling: Multilepton final states = Hepny

arXiv: 2208.02686 (accepted in JHEP)
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CP nature of Higgs to top quark coupling: Multilepton final states = Hepny

arXiv: 2208.02686 (accepted in JHEP)

CMS Preliminary 138 b (13 TeV .
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EFT analysis for ttZ & ttH in boosted phase space =77 HEPHY

arXiv: 2208.12837 (submitted to PRD)
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« Still competitive in sensitivity
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Higgs to vector boson couplings: Need for high energy EL,
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