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Introduction (2)

BSM effects can be formalized using the Standard Model Effective Field Theory framework as higher order
dimensional 6 operators added to the usual SM Lagrangian

(6)
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Violates lepton and baryon number
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Linear interference

To test for CP violation, one can construct CP-odd optimal observables (O0) by condensing multi-dimensional
phase space information into a single variable
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CP invariance = average over entire phase space <O0>=0
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VBF H » 77t CP Run 2

Use of high H — 77 branching ratio to search for CP violation via CP-odd coefficient ¢y in Warsaw basis

Events selected using a separate NN in each tau decay channel, insensitive to CP CHW gt gyl wmvl
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Results obtained using the optimal observable method built from Higgs + VBF jet 4-vectors
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@ 1B ATLAS te4  Observed 95 % CL interval
§ l %T:?gTeV, o ; zata I\T/BFH(E=0.01 5 ] V5= 13 TeV, 140 fo-! Expected 95 % CL interval
L Post-fit —TT op
12 VBFH—7tt  Pothers Misidentified XB_FIB;_\}/”
SR:"Q;NN 7~ Uncertainty -+ SM pre-fit (d=0) =11e
10 o Best Fit 95% CL interval
sl ] d~ (”n_ + quad.) Ho— (x10)  0.014 [-0.012,0.044] HIS7Z
s ] d (lin. only) ey (x10)  0.011 [-0.012,0.034] basis
2 cw (lin. + quad.) ——— 0.26 [-0.24,0.83] Warsaw
e ¢, (lin. only) i 021 fozmor | DASIS
W
m . [ v b 4 o - 1 ) ) ) ) . ) ) ) ) ) ) ) ) . ) ) ) ) . ) ) ) ) . ) ) ) ) . ) ) ) )
‘DU 55 10 5 0 5 10 15 —2 -1 0 1 2 3 4 3
00 Parameter value

May 11 2026 Alex Wang (UCSC) 4


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGP-2024-09/

arXiv:2603.20117

HVV CP combination Run 2

HVV CP violation described via 3 CP odd coefficients
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WH, 75 <p"" < 150 GeV, Q cosd" < 0
Probed via combination of Run 2 VBF, VH production

modesand H - ZZ*,H - WW ™ decays o0
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HVV CP combmat|on Run P
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Combination improves over 40% with respect to individual analyses on ¢y

First time simultaneous constraints on ¢y, Cy g, Cyyyg @and most stringent to date
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Sum of weights / 2.5 GeV

HH — bbyy EFTRun2 +3

Reinterpretation of HH — bbyy search*

Di-Higgs production allows unique probe into operators (e.g.
cy) not sensitive in single Higgs measurements

First interpretation accounting for EFT effects in VBF HH in
addition to ggF HH

Higgs EFT results on cypp, Cggnn, Ceenn also available
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*See Romano’s talk later today
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ATLAS

Vs =13 TeV, 36-140 fb~!

SMEFT A =1TeV

arXiv:2604.21670
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In general consistent with SM within 2o
Similar results for linear + quadratic fit 1
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summary

Today | showed you some of the latest results from ATLAS in understanding Higgs CP properties and EFT
measurements

No concrete BSM evidence so far, but ...
First set of Run 3 ATLAS constraints now becoming available with more luminosity, better analysis techniques

Stay tuned for more exciting results!
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SMEFT,A=1TeV
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HH — bbyy SMEFT operators

g H 9 099999998008 ——»—@ S H 9 s H
S Y e ‘ f
g 0992929992009 7 g 9290999999090 H—{fb/; ————————— H g \\\‘H
(@ (d) (©
Five operators defined in the Warsaw basis [20] are considered in the SMEFT analysis that modify the Higgs
self-coupling and ggF HH production cross section. The operator Oy uniquely modifies the Higgs self-
g H coupling and is of primary interest in the SMEFT analysis. The operators Op, universally rescale all Higgs
e 9 % .- H " boson couplings. The operator Oy generates three- and four-point interactions between the Higgs boson
CHG JPiad - I Uil and gluons, while O,y modifies the top-quark Yukawa interaction and generates a four-point interaction.
4 CtH .-~ These Oy and O,y operators also affect ggF and top-quark-associated single-Higgs production. The
TN R CtH e operator O, modifies the top-gluon interactions and adds a four-point interaction between top quarks, a
o M - , Y Higgs boson, and a gluon. The operator Op has a negligible effect on the branching fractions of the Higgs
g H g H " boson, while the effects of Oy enter only at NLO and are therefore neglected. The operators Oy and O;g
modify the H — yy and H — bb branching fractions through modifications on the H — gg partial width,
(@ ©) ® while O, also directly modifies the H — 7y partial width. Three operators are considered in the HEFT
q q q q
H H
v CH .- |4 -7
---@ Z.
V S can > " V 7¢ HO g
q q q q
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HH — bbyy HEFT operators

g H 9 2299009998998 - -- H
Chhh ,
"H”.: A Y
’ o D " while O,y also directly modifies the H — vy partial width. Three operators are considered in the HEFT
@) (b) analysis that modify interactions involving pairs of Higgs bosons that contribute primarily to ggF HH
production. Opp, modifies the Higgs self-coupling, Oyspn and Oggny generate four-point interactions of
9 . H pairs of Higgs bosons with top quarks or gluons, and O;,;, modifies the top-quark Yukawa interaction. The
. H L h}f -
y O CH
(d)
q
.H
v .
vV T
H
q
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Global EFT inputs

The {mw, mz, Gg} electroweak input parameter scheme is used for the theoretical prediction of observables
at the LHC and LEP. The measurements of the Z boson mass m at LEP [29] and the W boson mass
mw at ATLAS [33] are sufficiently model-independent for these inputs to remain valid in a more general
SMEFT scenario. The value of the Fermi constant G is determined from muon decays, which are affected
by the Wilson coefficients c(}} 133 and c;j, such that the true value of G is a function of these parameters.
Quarks from the first two generations and leptons from all three generations are assumed to be massless,
and the four-flavour scheme is used for parton distribution functions. In this interpretation, the top-flavour
symmetry scheme is adopted, which assumes a U(2)3 symmetry in the quark sector. Under this scheme,
the quarks of the first two generations and the third generation are treated independently. In the lepton
sector, flavour diagonality is assumed, so that the lepton-antilepton pair of each generation is described
independently. These relaxed assumptions allow for a dedicated treatment of heavy-flavour quarks and

each lepton generation, enabling tests of lepton flavour universality violation.

Only operators that conserve charge-parity (CP) symmetry, i.e. CP-even operators, are considered and
the Wilson coeflicients are assumed to be real-valued. The list of operators and corresponding Wilson
coefficients relevant to the processes studied in this paper is given in Table 8 and Table 9. The Warsaw
basis operators are grouped into purely bosonic operators, operators containing both boson and fermion
fields, four-lepton operators, four-fermion operators containing both quark and lepton fields, and four-quark
operators. Operators with negligible impact on the combined measurements within the sensitivity of the
datasets considered are not included in these tables.

May 11 2026 Alex Wang (UCSC)



Decay channel Production mode L [fb7!] Ref.

H— yy ggF, VBF, WH, ZH, ttH, tH 140
G | b | E FT : t H— ZZ* ggF, VBF, WH + ZH, 1tH +tH 140
O a I n p u S H— 17 ggF, VBF, WH + ZH, 1tH +tH 140
H—- ww* ggF, VBF 140
H — bb WH, ZH 140
Process Dataset [fb~'] SMEFT sensitivity YBF 126
ttH +tH 140
Higgs boson measurements inclusive 140
pp —> H— vy, ZZ*— 4¢, WW*— {vly 140 Higgs boson operators H—Zy inclusive 140
pp = H—Zy, p*y” 140 Higgs boson operators H— pu ggF+1tH+tH,VBF + WH + ZH 140
pp — H — bb, 717 126-140 Higgs boson operators
Electroweak measurements
pp > WHW™ = eFvuTy 36 four-fermion operators and triple gauge couplings Process Main phase-space requirements Observable L [fb~!] Ref.
+ +,, ptp— . ; ; ; ~
pp — ;V Z —>€f ;{’ .f 13460 1ftour 11:(-“:rm%on operators anj tr%pie gauge coup?ngs pp — WW~ = e*v u®y  mpp > 55GeV, p]et >3 5 GeV p% 36
— — -
I;_IIJMDY“ ]jt our-fermion operators and triple gauge couplings pp— WEZ o (v 00~ myg € (66,116) GeV, m > 30GeV mWZ 36
measurements
Zjj T > 1 V, € (81,101) GevV A 14
pp = Z]y* —> " 140 four-fermion operators involving leptons pp—=2jj = 00 M 000 GeV, me¢ (8 01) Ge ¢” 0
pp — W* - (*y 140 four-fermion operators involving leptons
Top-quark measurements P I " - P ol -1 Ref
pp — tt > Wb Wb — e*uvvbb 140 four-fermion (heavy-flavour) operators rocess mportant phase-space requirements servable L[ ] et
pp — tt > Wb Wb — qq’b tvb 140 four-fermion (heavy-flavour) operators pp — Z]y* - 57 m¥¥ > 100 GeV mys 140
Di-Higgs measurements pp - W—> ¥y (with € = e, w200 < mr‘fv < 5000 GeV mr‘fv 140
pp — HH — bbyy, bbt*1~ 140 trilinear Higgs boson self-coupling
Electroweak precision observables
LEP, SLD, ATLAS EWPO B Weak boson—fermion couplings Process Important phase-space requirements Observable £ [fb~!] Ref
pp — tt > WbWb — e*u¥vvbb pé >27 GeV, |n(€)| < 2.5 p[{ 140
pp — 1t = WbWb — qq'blvb  pl >355GeV pi" 140
Process Production mode £ [fb~!] Ref.
HH — bbyy ggF 140
HH — bbrt ggF 140
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Global EFT inputs

Observable Measurement Prediction Ratio

Aa 0.05903 + 0.00009 0.05911 +0.00098  0.999 + 0.017
'z [GeV] 2.4955 + 0.0023 24945 +0.0010  1.0004 + 0.0010
R. 20.804 + 0.050 20.751 + 0.010 1.0025 + 0.0024
R, 20.784 + 0.034 20.751 + 0.010 1.0016 + 0.0017
R, 20.764 + 0.045 20.799 + 0.010 0.9983 + 0.0022
R. 0.1721 £ 0.0030  0.1722 + 0.0001 0.999 + 0.017
Ry, 0.21629 + 0.00066 0.21587 + 0.00010  1.0019 + 0.0031
ol . [pb] 41481 + 33 41489 + 8 0.9998 + 0.0008
ASLD 0.1516 + 0.0021 0.1470 + 0.0025 1.031 + 0.022
ALEP 0.1498 + 0.0049 0.1470 + 0.0025 1.019 + 0.037
AP 0.142 +0.015 0.147 + 0.003 0.97 +0.11
ASLD 0.136 = 0.015 0.147 + 0.003 0.92 +0.11
ALEP 0.1439 + 0.0043 0.1470 + 0.0025 0.979 + 0.035
Ax 0.0145 + 0.0025 0.0162 + 0.0006 0.89 +0.18
ARl 0.0169 + 0.0013 0.0162 + 0.0006 1.042 + 0.084
AL 0.0188 + 0.0017 0.0162 + 0.0006 1.159 + 0.095
Ay 0.0992 +0.0016  0.1031 +0.0018  0.962 + 0.024
A% 0.0707 + 0.0035 0.0737 + 0.0014 0.959 + 0.053
Ap 0.923 + 0.020 0.935 + < 0.001 0.987 + 0.022
A 0.670 + 0.027 0.668 + 0.001 1.003 + 0.040
I'w [GeV] 2.198 + 0.049 2.090 + 0.001 1.052 + 0.022
B, 0.1071 £0.0016  0.1082 + < 0.0001  0.990 + 0.015
By, 0.1063 + 0.0015 0.1082 + < 0.0001  0.983 +0.014
BY, 0.1138 + 0.0021 0.1082 + < 0.0001  1.052 +0.018
R(;,/; 0.9990 + 0.0042 1.0000 + < 0.0001  0.999 + 0.004
R;V/“ 0.992 + 0.013 1.000 + < 0.001 0.992 + 0.013
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2.6 Electroweak precision observables

The EWPO considered in this analysis probe the couplings of the Z and W bosons to charged leptons,
neutrinos, and heavy quarks. Key observables measured at LEP and SLD [29] include the total and partial
Z widths, I'z, the hadronic cross-section at the Z pole (defined as the total cross-section for Z decays
into hadrons), oya4, the ratio of hadronic to leptonic Z-boson decays for charged leptons, Ry, and the
fractions of hadronic Z decays into charm and bottom quarks, R, and R;, respectively. Forward—backward
asymmetries Agi{, lepton polarisation and asymmetry measurements, W-boson branching ratios are also
included.

Additionally, ATLAS measurements of lepton-flavour-universality ratios [30-32], R;‘f” and R"fv/;, and the

W-boson total width [33] are considered. These observables provide sensitivity to deviations from the SM
through their dependence on left- and right-handed electroweak couplings.

Alex Wang (UCSC)

Table 7: Electroweak precision observables [29-33], included in the analysis. The second column corresponds to the
experimental value, the third to the theory prediction in the {mw,mz, Gr} scheme, and the fourth is the ratio of the
two values. The correlation between the observables is shown in Table 10.
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PCA decomposition
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HVV,
discrepancy between the A%g and A%’% measurements and the SM expectations [113]. Good agreement

No significant deviation from the SM is observed: all coefficients are compatible with the SM expectation
between the observed data and the SM expectations is found, corresponding to a p-value of 99%.
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ATLAS Global EFT fit Run 2

Re-interpretation in terms of 2 Higgs doublet models
(2HDM) and Z’ models also included

ici 2HDM
ATLAS s Obe.(single Higgs) 95% CL Relevant SME.FT coefficients mapped to
Vs =13 TeV, 36-140 fb~1 —-- Exp.(single Higgs) 95% CL parameters via
_ ] Obs.(single and di-Higgs) 95% CL
mp =125.09 GeV —-==- Exp.(single and di-Higgs) 95% CL V2C COSZ(ﬂ _ a,)M2
2HDM Type-l, Ma =1 TeV ——-- sMm-like coupling H = A ,
% 101 ] T T T T T T T T T T T T T T T T T T T A2 v2
& viepn cos(ﬂ @)
A2 tang
view cos(B @)
A2 tang
100 viern 5 cos(B — a)
A2 T tang
vieun B cos(B — @)
A2 " tang tanB
where y; = \/im,-/ v fori = b,t, 1, u, and v is the SM vacuum expectation value.
-1
10 -0.2 -0.1 0.0 0.1 0.2
cos(B — a)
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