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Introduction

Phys.Rev.D 104 (2021) 5,052004

@ Search for anomalous Hgg couplings
o Kinematics of jets from gluon fusion with extra jets
@ Search for anomalous Hitt couplings
e Kinematics of jets from gluon fusion with extra jets
e Kinematics of top decays from ttH and tHgq
@ Search for anomalous HVV couplings
o Kinematics of jets from VBF and VH productions
e Kinematics of leptons H — ZZ

@ Measure corresponding EFT coefficients
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Parameterization of Amplitudes
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Cross section fraction:
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Event Categorization for Htt and Hgg

Untagged VBF- VBF-  VH- VH- ttH- ttH-
ljet  2jet leptonic hadronic leptonic hadronic
ggH sig 18298 1550 6.70 0.35 4.68 0.02 0.18
VBF sig 7.23 328 723 0.05 0.28 0.01 0.05
WH sig 2.68 022 022 1.07 117 0.03 0.03
ZH sig 220 0.14 015 0.26 0.78 0.02 0.05
bbH sig 1.90 0.13  0.08 0.03 0.07 0.00 0.01
ttH sig 0.43 0.00 0.08 0.14 0.15 0.68 0.86
(ke = 1.6) (0.45) (0.00) (0.12)  (0.15) (0.15) (0.87) (1.18)
tH sig 0.14 0.01  0.10 0.04 0.03 0.04 0.03
Signal 197.89 1931 1457  2.00 7.40 0.80 123
qq — 4¢bkg  210.50 693 192 2.23 1.87 0.08 0.04
gg — 4(bkg 19.79 153  0.56 0.38 0.24 0.01 0.01
EW bkg 3.43 018 137 0.26 0.57 0.24 1.07
Z + Xbkg 77.94 246  4.88 1.20 3.29 0.21 1.07
Total 509.55 3041 23.30 6.05 13.38 1.33 341
Observed 539 27 20 10 12 0 2
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Event Categorization for HVV

VBF- VBE- VH- VH-
Untagged Boosted Tjet 2jet leptonic hadronic
ggH sig 171.46 6.48 15.15 10.44 0.35 5.99
VBEF sig 5.06 1.18 2.64 8.60 0.06 054
(a3/az/ (0.29/0.29/  (0.69/0.54/ (0.12/0.09/ (6.10/4.95/ (0.03/0.02/  (0.28/0.21/
K1 /K27 0.05/0.09)  052/048) 003/0.05) 191/1.83) 001/0.01)  0.07/0.07)
WH sig 218 0.43 0.29 0.22 111 1.20
(a3/az/ (1.93/315/  (3.81/320/ (0.83/0.92/ (1.20/1.05/ (2.75/2.86/ (3.43/3.33/
K1 /K27 072/0.00)  628/0.00) 0.22/0.00) 2.04/0.00) 3.47/0.00)  2.93/0.00)
ZH sig 1.87 0.34 0.16 0.16 0.26 0.79
(a3/az/ (0.99/1.89/  (1.87/1.66/ (0.30/0.35/ (0.56/0.51/ (0.42/0.48/ (1.42/1.53/
K1 /K27 068/1.17)  414/12.34) 012/027) 130/3.88) 0.65/1.82)  1.84/4.69)
bbH sig 1.84 0.04 0.13 0.09 0.03 0.09
ttH sig 1.65 0.04 0.00 0.32 0.13 0.19
tH sig. 0.13 0.02 0.01 0.12 0.04 0.05
Signal 184.1 8.5 18.4 19.8 19 8.8
(a3/a2/ (178.2/180.3/ (129/12.0/ (16.5/16.7/ (18.7/17.4/  (3.7/3.9/ (11.4/11.4/
K1 /KE7) 1764/1762)  17.5/194) 157/156) 16.1/166)  4.6/2.3) 11.1/11.0)
qq — 4(bkg 206.05 1.89 6.78 2.78 221 2.30
gg — 4 bkg 19.05 0.38 1.52 0.76 037 031
EW bkg 3.50 0.66 0.20 1.98 023 0.85
Z+ Xbkg 69.87 3.73 2.46 9.70 1.20 4.10
Total 481.3 15.1 293 349 59 16.24
(a3/a2/  (475.4/4775/ (195/18.6/ (27.4/27.6/ (33.8/324/ (7.7/79/ (18.83/18.78/
K1 /K27 473.6/4734) 241/260) 266/265) 31.1/31.6)  86/63)  18.54/1847)
Observed 512 18 27 30 10 13




Kinematic Discriminants and Matrix Element Approach

_ Psig (£2)
Dalt (Q) - Psig (Q) j_ Palt (Q)
) _ Pint (Q)
Pree (1) = 2\/Psig () Pare (Q)
’DO, (Q) — 730——(9), Dcp (Q) — Pint (2)

Pot+ (R2)+Po- (2)
_ Psig(R) _ Py, (2)
Dois (@) = o @yipg@: P () = i@
@ Dy-: distinguish CP-odd from CP-even

@ Dcp: measure the interference term

2 \/Py+ () Pp— (Q)'

@ Dy, separate Higgs production from non-Higgs processes

@ Dy, : sensitive to x1/A; term
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Observables

Category Selection Observables ¥ for fitting
Scheme 1
VBF-ljet DY > 07 Diug
. H H
VBE-2jet D;’.%F > 05 Diigr D;’jgf , D§&", D&Y
VH-hadronic = Dy, > 05 Dpxg
VH-leptonic  see Section 3 Dpg
ttH-hadronic see Section 3 ’Dbkg, DgiH
ttH-leptonic  see Section 3 Dyigr DS‘_H
Untagged none of the above Dy
Scheme 2
Boosted P > 120GeV Dy, PE
VBF-ljet DY > 07 Dy, PF B
; VBF-+dec 7yVBF+dec 7yVBF+d 7,VBF+
VBF-2jet Dy > 05 Dy Doy 0, Dy e, DYR+ee, DY <, DYBE, DYEF
VH-hadronic Dy > 0.5 DEW, Doy, Dy e, pyjidee, ppvittdes it pift
VH-leptonic ~ see Section 3 Dy, PA
Untagged ~ noneof theabove Dy, Dis, Dies, Dise, DX, Diss, D&

The list of kinematic observables used for category selection and fitting in
categorization Schemes 1 and 2
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Observables in ttH Category in Scheme 1
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Observables in VBF-2jet Category in Scheme 1
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Observables in Boosted Category in Scheme 2
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Constraints on Hgg Coupling
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Constraints on Htt Coupling

~ 2 .
FHEE |75 | ion (ﬂ
CP |,it|2+|,~€t‘2 sig Kt

CMS 137 b (13 T
T ‘(‘ ‘e‘V) CMS 137 b (13 TeV) 10
— Observed - Expected 1 p
_ _ g =
10 ttH(yy) ttH(4l) . ﬁ
— ttH(yy+4l)
7
— 6
£
S| ad °
' 95% CL 4
3
-1
2
1
) Z05 0 05 1 2 -1 0 1 0

@ tHgq process included
@ tHgq has interference between HWW and Htt
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Constraints on Htt Coupling via Combining ttH with ggH

CMS 137 b (13 TeV)
~Dbserved | Expected
T 9gH(4) — ggH(@I)+tH(a)) 137 0 (13 Tev), ; 137 b (13 Tev), o
T ggH (AN +tH(yy+4l) £ £
§ §
E
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o(Kr=1) _ . o(Rr=1)
ggH: (=) = 2.38, ttH: olrr=1) = 0.391

NOT simple addition of two independent results
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Constraints on HVV Coupling in EFT Higgs Basis
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Measurements of anomalous couplings using full Run2 data in H — 4¢
final state

e Explore Higgs production and decay(H — 4/)

@ Measure HVV ,Hgg and Htt anomalous couplings,

@ especially CP property

@ All anomalous couplings are measured at the same time

@ Results also presented in EFT coefficients framework.
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