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Properties and interaction structure of the Higgs boson

* Mass and quantum numbers: * Interaction structure
» scalar with J* = 0% (2013) e HVV: CP and polarization II> K ’
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Run 2 Combination Results on I'y

» Global Run 2 Higgs combination: u = 0.99019-023 overall Higgs rate consistent with the SM

* Higgs Width:
« ZZ/WW on- and off-shell: Iy = 3.372IMev (4.1%3-2 MeV expected)
* Full on-shell + ZZ/WW off-shell: T, = 3.613tMeV (4.113:5 MeV expected)

* H* - ZZ - 44 input uses NSBI: unbinned inference using NN-estimated event likelihood ratios
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Higgs Width from On-Shell H — yy Interference

* Indirect constraints on I'y by comparing on-shell and off-shell H production rates (H - WW /ZZ)
* Need to assume Higgs coupling to g and V' are identical on-shell and off-shell

* On-shell constraint: interference between resonance and continuum not needed
* [9g9 » H - yy and gg — yy] (leading) and [qg — Hq — yyq and qg — yyq]
Mig ) M | )
Mgy = — - + M :> IMggyyl™ = - =+ [Mokg|” + 1,

3 - 2 .22 2 .2
my, —my +il gmy (myy —my)~+ymy

I = Antisymmetric about m?, — mf+ Symmetric about m2, — mg (~2% signal yield reduction)
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Higgs Width from On-Shell H — yy Interference
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CP Structure of HVV interaction: Run 2 Combination

In SMEFT, dim-6 CP-violating operators that describe HVV interaction

1 ~ ~ N . .
* Lsmerr = L+ = (cywOuw + cypOnp + CHWBOHVT/B) in Warsaw basis
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CP Structure of HVV interaction: Run 2 Combination

* First simultaneous constraint of ¢y, Cyp, Civp

« fewer assumptions than the single parameter interpretation " ATLAS === Expected: Stat-Only |
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Partial Run 3 VBF H - yy

Performed (1) limit setting on ¢y and (2) testing longitudinal/transverse HVV couplings

Multiclass NN classifier labels: VBF Higgs, ggF Higgs, non-resonant yy+jets

* Continuum sample augmented with a generative model trained from data

Using optimal observable (00) for the ¢y study

A 38% improvement to the run 2 analogous result

* 29% due to analysis strategy

Combining with run 2 gives
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Partial Run 3 VBF H - yy

* Polarization dependent HVV coupling strength

* First measurement of a;, ar in this channel

. . . . . _ SH ViV _ gHv]-v.r
* Fit Ag;;: (signed) azimuthal difference between the two VBF jets ap = Py ar = o

» Shape-only and shape + rate interpretations:
* Rate info further constraints a; by a lot, whereas the shape of A¢;; provides most of ar’s sensitivity
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Partial Run 3 ttH/tH H —> yy

 ttH/tH provide direct access to Higgs-top Yukawa interaction:

tHjb

m;

SMike=La=0 [ =— N {'vb_th [cos(a) + isin(a)ys] l//t} H

* Two GNNs:

* Multiclass GNN labels ttH, ,tHjb; resonant bkg; continuum bkg
* Binary CP GNN discriminant
e GNN classification reduced correlation (-28%) between fitted ttH and tH rates
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Partial Run 3 ttH/tH H - yy

* Fit simultaneously for (x;, a)
Run 3: |a| > 53° excluded at 95% CL
Run 2 + Run 3: |a| > 38° excluded at 95% CL
* Pure CP odd coupling excluded at 5.80
» Strongest direct constraint on the CP structure of the Higgs—top Yukawa interaction to date

* Measurement remains statistically limited
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Summary and Outlook

No evidence for non-SM Higgs interaction structure

* All measurements remain consistent with a CP-even SM Higgs boson with CP-even couplings

Higgs width

* New on-shell H —» yy measurement gives [y < 307MeV (95% CL), a complementary constraint without
assuming identical on-/off-shell Higgs couplings

* HVV

* Run 2 combination gives the most stringent constraint on the three CP-odd Wilson coefficients
* Run 3 VBF H — yy has improved CP sensitivity on ¢y and the first a;, ar measurement in this channel

* Htt:
 Run2+3 ttH/tH, H - yy: |a| > 38°excluded at 95% CL
* Pure CP-odd top Yukawa excluded at 5.8, best constraint to date

Many key measurements remain statistics limited
* Look forward to results from full run 3 data + improved analysis techniques
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Run 2 + partial Run 3
ttH, tH production in H - Tt Channel

* H = T344Thaa, fully hadronic top and t decays . v :
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Higgs Width from On-Shell H — yy Interference
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CP Structure of HVV interaction: Run 2 Combination

To understand the non-parabolic behavior of the NLL scans, it is helpful to consider the particular cases The observed effect in the linear plus quadratic NLL scans is related to how this relative asymmetry
of WH,H — bb and H —> WW*. In these two channels, the impact of the CP-odd operators on the depends on the Wilson coefficients. In the linear-only interpretation, this asymmetry grows linearly with
corresponding differential cross-section measurements is parameterized via their impact on their signal . . . . : . . . . 5
; i L cyw (Eq. 3); however, in the linear plus quadratic scenario this asymmetry grows approximately linearly
strengths y, (relative to the SM prediction), defined as: 4 5
only for small values of ¢ and is then much reduced (and even inverted) as the absolute value of the

M coeflicient grows (Eq. 4), resulting in the observed NLL behavior.
Hp = upx (14 ) AP xc;+BY xch), 2)
Jj=1 o
Asym'l','ﬁ‘“ = —Aj.’ %y (3)
where p are the STXS particle-level categories, A’; and B” parameterize the linear and quadratic :
contributions in STXS region p, and j runs through the number M of CP-odd operators considered. The
relative asymmetry across bins of an angular observable can be formulated as (ug+ — pg-)/(pg+ + pg-), S =AP x cj
where ¢* stands for STXS regions in the same CP-even bin (e.g., p}) and symmetric angular observable AsymII',":.‘“+qu‘ldmm = % 4)
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Partial Run 3 VBF H -
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