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SM picture observed so far

CMS 138 fb™' (13 TeV)
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SM picture observed so far

CMS 138 fb™! (13 TeV)
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SM picture observed so far

CMS 138 fb™! (13 TeV)
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— Deeper study of coupling structure is possible... J
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Anomalous couplings (AC) approach

Ideal framework for general study of the HVV coupling structure

— Consider . contributions to HVV

— Exploit full event kinematics (production + decay information)

Will discuss Run 2 study of HVV coupling structure in HWW channel

HIG-22-008 (Accepted for publication by EPJC)
arXiv:2403.00657
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HVV anomalous coupling parametrization

HVV scattering amplitude (General Lorentz invariant form) :
(V2 4 VY 2 . 1)
A(HVV) ~ + 1’11\]\/22’42} 1B etnety +adV yih) prdm  g)eeD )
(A7)
Higgs to EWK vector boson couplings :

HWW, HZZ
Hyy, HZy

— Assume H~~, HZ~ constrained from direct decay measurements

— SU(2) x U(1) sets relationship between HWW and HZZ
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HVV anomalous coupling parametrization

v (D8] o D (Do

4 independent HVV couplings :
v a; : SM tree level coupling
_m ki/A? : CP-Even AC
a> : CP-Even AC
a3 : CP-Odd AC
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HVV anomalous coupling parametrization

v (D8] o D (Do

4 independent HVV couplings :
v a; : SM tree level coupling
_m ki/A? : CP-Even AC
a» : CP-Even AC
as : CP-Odd AC

— Convenient to measure fractional contribution of AC to o :

2
L — _4i g i ai
fai = 55545 sign ()

Signal model contains signal strength n + 3 f,;
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Equivalent to SM EFT
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Amplitude couplings map directly to EFT couplings (Higgs basis)

Interpretation in terms of EFT couplings also considered.
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HVV Analysis strategy

Production : Categories : Decay :
10000000000,
t - 0- & 1-jet ggF
£ t

2-jet VBF
v
H— WW — pe + p?"ss
Dramatic reduction of
2-jet & background
boosted VH
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Dedicated Observables

Exploit kinematics of 2 associated jets with MELA based discriminants

Example : Dy_ discriminates a; and a3
CMS Simulation (13 TeV)
—— VBFf,=1
—— VBFf,=05
—— VBFf,=0

e
3

At production vertex
can target :

I3
o

— Production mode
Dysr
— For each AC,
the pure coupling
contribution (x a2) : 03
Doy, Do
+ the interference

contribution (x a) : o4
Dint, Dcp

o
o

o
=

Events (Normalized to 1)
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For AC sensitivity at decay vertex : my, mr
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Kinematic Discriminants (KDs)

KDs combine multiple observables
Example : VBF(a3) KD using D¢cp and [Dyge, my, Do—]
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Events / bin

Data/Expected

1

1

[SISH

20

00

80

60

40

20

RSN

Kinematic Discriminants (KDs)

KDs combine multiple observables
Example : VH(a3) KD using Dcp and [my, Dy_]

CMS Resolved VH, D, <0 138 fb™ (13 TeV)
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Kinematic Discriminants (KDs)

KDs
Example :

CMS Resolved VH, D__ <0

combine multiple observables
VH(a3) KD using D¢cp and [my, Do_]

138 fb? (13 TeV) CMS Resolved VH, D >0 138 fbt (13 TeV)
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f.; likelihood scans

signal strength  + f;; floated simultaneously
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Dermot Moran (CIEMAT)

May 30, 2 16 /33



Coupling likelihood scans (Higgs

basis)
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Coupling constraints (Higgs basis)

oc,

CMS 138 fb™ (13 TeV)

Expected
—e— Observed Best fit 68% CL

0.06 [-0.22,0.03]

0.01  [0.05,0.03]

0.03  [-0.49,0.33]

[-0.47, 0.25]

-06 -04 -02 0 0.2 0.4 0.6 0.8

Possible to rotate from Higgs to Warsaw basis
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Coupling constraints (Warsaw basis)

CMS 138 fb™ (13 TeV)
E:] Expected
| —e— Observed Best fit 68% CL
Cho 076 [-4.19,0.67]
Cho 012  [-0.44,0.81]
Crw 0.08  [0.79,0.51]
Chwe 017  [1.62,1.05]
Cig 0.03  [0.23,0.16]
Coi -0.26  [-0.76, 0.41]
Cowe -0.54 [-1.57,0.83]
Cs . 008 [-0.23,0.12]
\\‘\\\\‘\\\\‘\\\\‘\\\\EE\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\

3
Parameter value

Only one of [chw , chws, cHB] and [ci» Svive Cual is independent
(Due to Hyvy, HZ~ assumptions)
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Coupling constraints (Warsaw basis)

CMS 138 fb™ (13 TeV)
Expected
|—— Obsewedlll Best fit 68% CL
Chg = 0.76  [-4.19,0.67]
Cho 012  [-0.44,0.81]
Chw 0.08 [0.79,0.51]
e | Some of the tightest constraints yet on
HWB
- related EFT couplings
CHB . - -
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Crve 054 [1.57,0.83]
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L1 ‘ I ‘ I ‘ L1l ‘ 111 L1 ‘ I ‘ I ‘ I ‘ L1l ‘ L1

-4 -3 -2 -1 0 1 2 3
Parameter value
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(Due to Hyvy, HZ~ assumptions)
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Hgg anomalous coupling parametrization

} M1 €164, +@ o f

2 independent Hgg couplings :
a> : SM loop
3 : CP-Odd AC

ggH + 2 jets process sensitive to Hgg AC at production vertex

categorization and KDs :

. H : el
Hgg 2-jetggH DE [Dygr, D3]
0- & 1jetggH — [, my]
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Events / bin

Data/Expected

Hgg AC analysis

signal strength 1 + %" floating

CMS ggH 2jet, D> 0 138 b (13 TeV)

T
¢ Data A syst.
[ oot [ ver

Nonprompt ww

Dyge <0.5

IR

ggH 9= 1 gng“ =0
e U

] Mulubosun Moy

W and

Dyge > 0.5

2
B St S Suwamew

0.5
0 ‘3 \-) © A .:J o
m-“» »‘0?{0 0«0 “,‘\,0 0‘-5/\/
D"

CMS

138 fo" (13 TeV)

— Observed

- Expected

68% CL

ggH
f

f.i~ 0 consistent with SM Higgs boson

Dermot Moran (CIEMAT)

May 30, 2024

22/33



Analysis is currently statistically limited
1
® Peak luminosity —|ntegratrd luminosity
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Dermot Moran (CIEMA May 30, 20: 23/33




Conclusions

W,y

Measurement of HVV coupling structure a
crucial test of SM

Dedicated study in HWW channel with full Run
2 data presented

Measurements Consistent with SM Higgs boson
(Best constraints on f; at the per mille level)

Some of the tightest constraints yet on related
EFT couplings
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Selection + categorization

Variable Selection

Number of leptons 2 (eu of opposite charge)
py! >25GeV

e >13GeV (10 GeV for 2016 data)
My 12-76.2 GeV or >106.2 GeV

p fT{ >30GeV

pss >20GeV

méz >30GeV

my 60-125 GeV

Nigy (b jets) 0

Variable ggH VBF Resolved VH Boosted VH
Niet (V jets) 0 0 0 >0

Nt (AKdjets) 0&1 2 2 —

M —  >120GeV  60-120GeV —

)
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[ SU(2) x U(1) relationship between HW\W and HZZ

WW 77
ap =y
WW 2 77
a, = = Cuy”,
WW o ZZ
Ay = Cyly ,
W 1 ZZ 44
1 _ 1 rs2 2
WW 2 2 77 w3 |
(A2 e =% \(AT9)2 ms
1 1
Zy 77 77
Ky 25 Co K3 a
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Higgs and Warsaw basis relationships

Dermot Moran (CIEMAT)
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Systematic breakdown

Uncertainty source Ap/p Apgey/Heen  Aptype/piver Aptwn /fwn Aizn/ Hzu
Theory (signal) 4% 5% 13% 2% <1%
Theory (background) 3% 3% 2% 4% 5%
Lepton misidentification 2% 2% 9% 15% 4%
Integrated luminosity 2% 2% 2% 2% 3%
b tagging 2% 2% 3% <1% 2%
Lepton efficiency 3% 4% 2% 1% 4%
Jet energy scale 1% <1% 2% <1% 3%
Jet energy resolution <1% 1% <1% <1% 3%
P scale <1% 1% <1% 2% 2%
PDF 1% 2% <1% <1% 2%
Parton shower <1% 2% <1% 1% 1%
Backg. norm. 3% 4% 6% 4% 6%
Stat. uncertainty 5% 6% 28% 21% 31%
Syst. uncertainty 9% 10% 23% 19% 11%
Total uncertainty 10% 11% 36% 29% 33%

*From legacy HWW analysis (HIG-20-013)
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Timeline for vector boson couplings

CMS

3 w z 3
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MELA at the production vertex

ATRIX FLEMENT [ IKELIHOOD /~PPROACH Event by event discriminator build upon matrix elements
S~ )E\'-e-

Reconstructed -
event — Probability that the event
Theoretical o * matches the hypothesis
hypothesis -\ &
‘2,\

Contain the maximal amount of theoretical information available for the hard process
Combined with reconstruction level information:
v 4-vector of the 2 associated jets in the production.
v Higgs-proxy 4-vector (2 leptons + MET).

Peig(€2) Prsu(€)  Pipsu (Q)

iz = — —  Dpsm = — = INT = = =
Piig(€2) + Poke () Pesu(2) + Pou(9) Psm(£2) + Posm(£2)
ggH < VBF SM coupling <> BSM coupling Interference «» Pure SM/BSM
(one for each coupling) (used for azand a3)
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Boosted VH

+ AKS jets (anti-kt, R=0.8): Reconstruction of Boosted V bosons from VH production.
Substructure: 2 sub-jets (A & B)

V-Tagging: softdrop mass + Tau21 + JECs corrections

Resolved decay Boosted decay
°>° =& (X

X < mx
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Samples

DATA LHC RUN 2 Dataset SM SAMPLES
pp collisicns from the years 2016-2018 — Lix = 138 fo' « POWHEGv2 NLO
+ Dilepton triggers are applied. * ggH sample reweighting to NNLOPS (pr and number of jets)
+ Single lepton triggers are used to recover efficiency. + For ggH events with = 1 jet — MINLO HJJ at NLO
« Trigger efficiencies for MC are estimated from data.
AC SAMPLES
ggH, VBF, and VH signals for studying HVV:
G LR Normalization taken *  Generated with JHUGEN at LO QCD
tthar: POWHEGv2 NLO + top prreweighting il sieE 1= RTNe EEITETiEe +  MELA reweighting of AC samples to any
D1t embedded samples control regions signal hypothesis to increase statistics.
NEREhE

POWHEGv2 NLO reweighted to NNLO + NNLL in ptWw/ ggH+2 jets signals for studying Hgg vertex:

*  W+jets with jets misidentification (non-prompt) — Data driven estimation +  Generated with MINLO at NLO.

*  Minor backgrounds taken from simulation: WZ, ZZ, Vy, Vy*, VW (V=W, Z) + Reweighting to increase statistics
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