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Analyses covered in this talk

Differential Higgs Combination

e CMS-PAS-HIG-23-013: «Combination and interpretation of fiducial differential Higgs
boson production cross sections at /s = 13 TeV»

Combination across multiple sectors

o CMS-PAS-SMP-24-003: «Combined effective field theory interpretation of Higgs boson,
electroweak vector boson, top quark, and multi-jet measurements»
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-23-013/
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-24-003/index.html

Differential Higgs Combination

CMS-PAS-HIG-23-013: «Combination and interpretation of fiducial differential
Higgs boson production cross sections at /s = 13 TeV»


https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-23-013/

Differential Higgs combination

e Combination of fiducial differential Higgs measurements
using the H — v, ZZ, WW, 77 channels

e 31 dim-6 operators considered (CP-even and CP-odd)

1-dimensional scans

2-d scans of CP-even
and CP-odd pairs
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Differential Higgs combination

e Combination of fiducial differential Higgs measurements
using the H — v, ZZ, WW, 77 channels

e 31 dim-6 operators considered (CP-even and CP-odd)

1-dimensional scans

2-d scans of CP-even
and CP-odd pairs
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Differential Higgs combination

CMIS Preliminary 13810 (13 TeV)
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e Combination of fiducial differential Higgs measurements
using the H — v, ZZ, WW, 77 channels

e 31 dim-6 operators considered (CP-even and CP-odd)

1-dimensional scans
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Principal Component Analysis

o The available data do not contain enough information to constrain all Wilson coefficients in a
simultaneous fit; unconstrained degrees of freedom (flat directions in the likelihood)

e Principal component analysis (PCA) is a useful tool to identify linear combinations of WCs that
can be constrained:

o Obtain the Hessian matrix of the likelihood parametrized in terms of the Wilson coefficients,
H ~ Cqyppr = PTC7'P,

where C' is the covariance matrix between the measurement bins, and P is the matrix of the
linear SMEFT parameterization

P = A;- , where (o X B);\”.‘l[:'r = (o0 x B)sum (l + Z;l’,(', + Z B;,..(',(‘/,‘)
j.k

]

o Eigendecomposition of Cgyjgpr vields the eigenvectors (which are used to write linear
combinations of Wilson coefficients, EVi), the corresponding eigenvalues \; and variances 1/\;

o Linear combinations with small eigenvalue A\; — 0 correspond to flat directions and are fixed to
their SM value of 0
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Fitting linear combinations

e Set constraints on 10 linear combinations of
Wilson coefficients
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Combination across multiple sectors

CMS-PAS-SMP-24-003: «Combined effective field theory interpretation of Higgs
boson, electroweak vector boson, top quark, and multi-jet measurementsy


https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-24-003/

Inputs to the combination
e Combined SMEFT interpretation of data from four sectors of the SM (Higgs,

Top, Electroweak, QCD): Seven CMS measurements + EWPO from LEP and SLC

e Inputs chosen to provide sensitivity to broad set of dim-6 SMEFT operators (64 in total),
negligible overlap in event selections, small backgrounds (or estimated from data)

Analysis Type of measurement Observables used Experimental
likelihood
H— vy Diff. cross sections STXS bins [41] v
Wy Fid. diff. cross sections pr x ¢l v
WW Fid. diff. cross sections My v
Z—-vv Fid. diff. cross sections p% v
tt Fid. diff. cross sections M X
EWPO Pseudo-observables Ty, 0.4 Ry R, Ry, A%, X
A0€ 40D
'FB’ “\FB
Inclusivejet  Fid. diff. cross sections P x|y X
ttX Direct EFT Yields in regions of interest v’
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Inputs to the combination

e Combined SMEFT interpretation of data from four sectors of the SM (Higgs,
Top, Electroweak, QCD): Seven CMS measurements + EWPO from LEP and SLC

e Inputs chosen to provide sensitivity to broad set of dim-6 SMEFT operators (64 in total),
negligible overlap in event selections, small backgrounds (or estimated from data)

e Which input channel is sensitive to which operators?

CMS Preliminary
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o (Hj j)_l/ 2: estimate of half the expected 68% confidence interval on Wilson coefficient
¢j/A?, evaluated with input channel p)

e plot shows diagonal entries of the Hessian matrix, Hj, =
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SMEFT parameterization

Scattering cross section is proportional to matrix element squared

S Re (M;M;)

o= |MSM—|—ZA2M |2 |MSM|2+QZ JRe MJMéM)+ZF

Jik

e This means that cross section of process p in kinematic bin ¢ can be written as
i,p _ ip & i,p CiCk
OSMEFT — USM+Ulnt (a+UBSM( JSM (1+ZA] A2 Zng A4 )

o Majority of results we report use parameterizations truncated at O(c/A?) (linear terms)

A’ P B % computed using MG5_aMC@NLO - Pythia SMEFTsim3 (SMEFT@NLO for gg — H, ZH)

SMEFT modifications of masses and decay widths also taken into account

For H — v decay and EWPOQO, analytic calculations are used
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Modifications to input analyses and likelihood model
Likelihood model:
e Combined likelihood model:
L (data; & 7) = L™ (&, 7) L (@)
e «experimental likelihood»:

L& 1) HP01sson n; | ZN” ()s1(#) +bi(@)) [T pe (e [ 1)
i

o covers the H — vy, Wy, WW, and Z — vv measurements
o in the ttX measurement, instead of 3_, 1" (&)s? (7), signal yield takes the form PR s1(7,)

o «simplified likelihood»:

L5impl (@ = eXp(fé (ﬁ(a - ﬁ)Tvil(ﬁ(E) - ﬁ))
(2r)mdet(V)

o covers the EWPQO, tt, and inclusive jet measurements

2 December 2024



Modifications to input analyses and likelihood model

Likelihood model:
e Combined likelihood model: £ (data; ¢, 1/) Eexpt (¢, 7) L5™P ()
o L9P%(¢ 1) =[], Poisson(n; 'J(”) () T pe (i | ve) (H, Wy, WW, Z, ttX)

o [Pl () = exp(—3 (f(@) — ,u) (,u E') - u))/\/Wet(V) (tt, inclusive jet, EWPO)

Modifications to input measurements:
o SM predictions for inclusive jet measurement rederived with up-to-date PDF set

e For all (CMS) measurements, derived theoretical uncertainties on SM predictions (PDF,
factorization and renormalization scale uncertainties)

e PDF and luminosity uncertainties (partially) correlated between the input measurements
e SMEFT parameterizations derived up to O(c?/A*) in a consistent way for all input measurements
o For the «direct» EFT measurement ttX:

— basis rotation from dim6top to SMEFT topU31 as implemented in SMEFTsim3
— added operators that were not considered in original analysis: Oun and 2-heavy-2-light-quark
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Basis rotation

e Perform PCA to
identify 42 linear
combinations of
Wilson coefficients
that can be
constrained
simultaneously

o 22 «flat directions»
(A < 0.04) fixed to
zero
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Basis rotation
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e 8 linear combinations constrained by inclusive jet measurement (Qg, 1* (4-light-quark) operators)
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Basis rotation
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e 8 linear combinations constrained by inclusive jet measurement (Qg, 1* (4-light-quark) operators)

e 8 by Higgs and electroweak measurements (Qw, Qup, H+V, H+, ¢* (24 or 4¢) operators)
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Basis rotation
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e 8 linear combinations constrained by inclusive jet measurement (Qg, 1* (4-light-quark) operators)
e 8 by Higgs and electroweak measurements (Qw, Qup, H+V, H+, ¢* (24 or 4¢) operators)
e 7 by EWPO (Qup, Qu, H+V, H+% operators)
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Basis rotation

e 10
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EV11 (12 =0.048)
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8 linear combinations constrained by inclusive jet measurement (Qg, ¥* (4-light-quark) operators)
8 by Higgs and electroweak measurements (Qw, Qup, H+V, Ht, 1* (2¢ or 4¢) operators)
7 by EWPO (Qup, Qu, H+V, H-+ operators)

by top quark measurements (Qun, V+v, H+v, 9* (2- or 4-heavy-quark) operators)



Basis rotation

CMS Preliminary e
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8 linear combinations constrained by inclusive jet measurement (Qga, 1* (4-light-quark) operators)
8 by Higgs and electroweak measurements (Qw, Qup, H4+V, H+, 1* (2¢ or 4¢) operators)
7 by EWPO (Qup, Qu, H+V, H+ operators)

10 by top quark measurements (Qun, V+e, H+e, * (2- or 4-heavy-quark) operators)
9 by a mixture

o Higgs |+ Top (EV13, EV35, EV40), multi-jet + Top (EV15, EV19, EV24)

o CMS EWK+EWPO (EV18), Higgs+ EWK + multi-jet (EV38, EV39)
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Individual constraints on Wilson coefficients

e Setting constraints on 64 individual Wilson coefficients (each obtained by fixing all others to 0)

[} 95% confidence CMS Preliminary Hybrid fit, 1-by-1 scans

36.3-138 fb" (13 TeV)
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Individual constraints on Wilson coefficients

e Several Wilson coefficients receive significant constraints from multiple measurements, e.g.

o Through combination of tt cross section measurements and the ttX EFT
analysis, we obtain stronger constraints on the 2-heavy-2-light quark operators

o Combination of W~ and H — =~ yields an improved constraint on cw with respect to
any single-analysis result (linear-only sensitivity ~45% higher than CMS W+ result)

o 2-(light)quark-2-lepton operators constrained by combination of EW vector
boson measurements

o Interplay of Higgs- and Top-sectors (ciq, ctm, cyn)

e Comparison of results with linear-only (O(c/A?)) and linear+quadratic parameterization
(O(c?/A%)) gives an indication of how much the inclusion of orders 1/A* could change the
sensitivity of the results
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Lower limits on energy scales of new physics

e Translate constraints on ¢;/A? into 95% CL lower limits on the scale of new physics A;, by
setting ¢; to specific values (of 0.01, 1 and (47)?)

CMS Preliminary 36.3-138 fb”' (13 TeV)
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Constraints on linear combinations of Wilson coefficients

Majority of POI
receives significant
contributions from
multiple channels
8 linear
combinations
constrained by
inclusive jet
measurement

8 by Higgs and
electroweak
measurements

7 by EWPO

10 by top quark
measurements

9 by a mixture
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Setting constraints on 42 linear combinations of Wilson coeflicients (each varied simultanoeusly)
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Constraints on linear combinations of Wilson coefficients

e Setting constraints on 42 linear combinations of Wilson coefficients (varied simultanoeusly)
e 95% confidence intervals range from around +10 to 4-0.002
o Majority of POI receives significant contributions from multiple channels

8 linear combinations constrained by inclusive jet measurement
8 by Higgs and electroweak measurements

7 by EWPO

10 by top quark measurements

9 by a mixture

e The p-value for the compatibility with the SM is 1.7%

o Deviation from SM is mostly driven by inclusive jet measurement
o When excluding it from the combination, the p-value is found to be 26%

O O 0O O o
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Summary

e Differential Higgs combination (H — ~v, ZZ, WW, 77) setting constraints on 28 CP-even
and 3 CP-odd dimension-6 operators individually / 10 linear combinations simultaneously

o no deviations from SM expectation observed

e Combination of measurements from Higgs, Top, Electroweak, and QCD sectors
constraining 64 dimension-6 operators individually / 42 linear combination simultaneously

o some deviation from SM (p-value 1.7%), mostly driven by multijet production

e Developments for future global combinations: Combine and (re-)interpret different types of
measurements (differential cross sections and direct EFT measurements) in a consistent way

2 December 2024
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Linear expected observed Wilson expected observed
combination linear linear coefficient linear linear
EV1/AZ | [-0.002,0.002] | [-0.003,0.002] || EV2/A? | [-0.003,0.003] | [—0.006,0.001]
EV3/A% | [-0.006,0.006] | [—0.004,0.009] || EV4/A? | [-0.012,0.013] | [—0.006,0.020]
EV5/A% | [-0.014,0.014] | [-0.018,0.011] || EV6/A? | [-0.022,0.022] | [—0.052, —0.008]
EV7/A? | [-0.031,0.031] | [-0.000,0.062] | EV8/A% | [-0.032,0.032] | [—0.040,0.024]
EV9/A2 | [-0.063,0.063] | [-0.11,0.018] || EV10/A? | [-0.093,0.093] | [-0.014,0.17]
EV11/A? | [-0.094,0.094] | [-0.030,0.16] || EV12/A? | [-0.21,0.21] [-0.22,0.20]
EV13/A? [-0.27,0.25] [-0.39,0.16] || EV14/A% | [-0.29,0.26] [-0.16,0.32]
EV15/A? [-0.32,0.32] [-0.27,0.37] || EV16/A% | [-0.32,0.33] [—0.21,0.46]
EV17/A? [~0.51,0.44] [-0.33,0.61] || EV18/A% | [-0.55,0.55] [~0.67,0.43]
EV19/A? [—0.69,0.69] [-1.4,0.033] || EV20/A% | [-0.78,1.0] [—1.4,0.54]
EV21/A? [-0.91,0.99] [-1.1,1.0] EV22/A? [-1.3,1.1] [-0.015,2.2]
EV23/A2 [~1.3,1.3] [0.18,2.8] EV24/A? [~1.4,1.4] [~1.2,1.6]
EV25/A? [~1.5,1.5] [—2.6,0.32] EV26/A? [-1.8,1.5] [-2.0,1.8]
EV27/A? [—1.8,1.9] [—1.3,2.5] EV28/A? [—2.7,2.7] [—0.60,4.9]
EV29/A? [—3.4,3.1] [—4.7,2.1] EV30/A? [-3.7,3.3] [0.97,9.5]
EV31/A? [—4.4,3.7] [—4.6,4.0] EV32/A2 [—4.6,4.1] [~6.0,2.9]
EV33/A? [—4.6,4.6] [1.4,11] EV34/A? [-5.0,4.7] [—4.1,4.8]
EV35/A? [~5.0,5.1] [0.48,12] EV36/A? [~5.5,5.5] [~7.8,3.1]
EV37/A? [—6.2,6.3] [-9.2,7.7] EV38/A? [-6.2,6.3] [—6.4,6.2]
EV39/A? [—6.4,6.5] [~6.2,6.7] EV40/A? [~7.6,7.1] [-6.8,12]
EV41/A? [—8.6,8.6] [—4.7,12] EV42/A? [-9.5,9.6] [—4.2,16]
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Wilson expected observed expected observed
coefficient linear linear linear+quadratic | linear+quadratic
BT /A2 [ [-0003,0.003] | [~0.003,0.002] | [—0.003,0.003] | [—0.003,0.003]
cus/A2 | [-0.005,0.004] | [-0.009,0.001] | [~0.005,0.004] | [—0.008,0.001]
cne/A? | [~0.006,0.006] | [—0.004,0.008] | [~0.006,0.006] | [—0.004,0.008]
cMV/A2 | [~0007,0.007) | [~0.008,0.005] | [—0.005,0.014] | [—0.007,0.008]
/A2 | [~0.008,0.008] | [~0.010,0.005] | [-0.006,0.012] | [—0.008,0.007]
cuws/A? | [-0.007,0.008] | [-0.004,0012] | [-0.08,0.008] | [0.004,0.011]
/A2 | [~0.009,0.009] | [~0.006,0.012] | [~0.009,0.009] | [—0.006,0.012]
/A2 | [~0009,0.009] | [~0.010,0.008] | [—0.008,0.010] | [-0.010,0.009]
/A% | [~0.013,0.013] | [-0.023,0.003] | [-0.013,0.013] | [-0.023,0.003]
/A2 | [-0014,0.014] | [-0.015,0013] | [—0.014,0.014] | [-0.015,0.013]
cuw/A2 | [-0.015,0.013] | [~0.026,0.003] | [-0.014,0.014] | [—0.024,0.003]
/A2 | [-0015,0015] | [-0.019,0012] | [-0.015,0015] | [-0019,0012]
B /A2 | [-0022,0022] | [-0.029,0.016] | [-0.019,0.033] | [—0.024,0.020]

/A2 | [-0.031,0031] | [-0027,0.036] | [—0.031,0031] | [—0.027,0.036]
(/A2 | [~0032,0082] | [-0.031,0082] | [0.054,0.022] | [—0.070,0.021]
®)/A? | [-0.036,0.036] | [—0.054,0.018] | [~0.031,0.044] | [0.045,0.020]
cup/A? | [-0.037,0.037] | [~0.085,—0.011] | [~0.037,0.037] | [~0.086,—0.012]
cih/A? | [~0.040,0040] | [0.038,0.042] | [-0.040,0.040] | [-0.038,0.042]
cllh/A? | [~0.040,0040] | [0.038,0.042] | [-0.040,0.040] | [-0.038,0.042]

Re(cyry) /A% | [~0.045,0.050] | [~0.009,0.000] | [-0.051,0.046] | [-0.009,0.077]
<®/A2 | [-0.049,0.049] | [-0.052,0.046] | [-0.041,0.075] | [—0.045,0.16]
GP/A2 | [~0.059,0059] | [~0.11,0012] | [-0.018,0025] | [-0.022,0025]
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Ci—l‘u/[\2
Re(cg)/ A
chg /A2
C(?/AZ
CI;ZI/AZ
CG/A2
Cgi)/AZ
Re(cyw )/ A
cyq/N?
cw /N2
Re(cg)/A?
(18) /A2
CQq) /A

cgsd /A2
Cp /A2
oy /A2
cg?l/A2
(31) s A2
ch) /A
cgl /A2
cgc)l /A2
C((:llt)/Az
(38) /A2
€Qq /A
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[~0.081,0.080]
[~0.089,0.080]
[—0.086,0.086]
[0.089,0.089]
0.13,0.13
0.14,0.14
0.15,0.15
0.17,0.15
0.16,0.16
0.16,0.15
0.17,0.16

(- ]
(- ]
[~ ]
[~ ]
[~ ]
[~ ]
[~ ]
[—0.20,0.20]
[0.20,0.20]
[-0.22,0.22]
[~0.27,0.27]
[~0.30,0.30]
[0.35,0.35]
[~0.47,0.47)
[-0.52,0.52]
[—0.65,0.65]
[—0.76,0.76]

[—0.095,0.066)
[~0.16,0.016]
[~0.057,0.12]
[~0.11,0.073]
[=0.15,0.11]
[—0.14,0.13]
[~0.23,0.076]
[~0.30,0.031]
[0.14,0.17]
[~0.30,0.015]
[~0.27,0.070]

[~0.31,0.084]
[—0.14,0.26]
[—0.33,0.12]
[~0.39,0.15]
[—0.44,0.15]
[—0.54,0.15]
[0.67,0.28]
[—0.76,0.28]
[~0.99,0.32]
[~1.1,0.42]

[~0.081,0.080]
[~0.085,0.084]
[~0.038,0.056]
[~0.066,0.14]
[-0.13,0.12]
[~0.017,0.015]
[-0.30,0.12]
[~0.16,0.16]
[-0.15,0.16]
[~0.061,0.061]
[-0.15,0.18]

[-0.35,0.14]
[-0.10,0.16]
[-0.22,0.24]
[~0.40,0.18]
[-0.42,0.19]
[-0.10,0.084]
[-0.51,0.26]
[-0.53,0.28]
[0.10,0.090]
[~0.24,0.20]

[~0.095,0.065]
[-0.15,0.016]
[~0.031,0.065]
[0.080,0.17]
[~0.14,0.10]
[~0.016,0.014]
[—0.26,0.066]
[—0.26,0.034]
[-0.14,0.17]
[~0.065,0.037)
[~0.19,0.074]

[—0.29,0.075]
[-0.081,0.18]
[-0.31,0.13]
[-0.34,0.11]
[-0.34,0.12]
[~0.062,0.049]
[-0.41,0.18]
[-0.42,0.19]
[~0.078,0.066)
[~0.14,0.12]

B3



2 December 2024

C](Z)/AZ
CS‘)I /A2
NS
g /A2
ci{ld /A2
C(lu /AZ
Ctlll /A
Re(cyy)/A?
e
e/ N>
CSA/AZ
cy/N?
Cl(;)//\z
c{é) /A2
oy /A2
Clu/Az
cgt) /A2
Cor/ A2
B
cgt) /A2
o/ A?

—a

[-0.81,0.97]

[-1.5,—0.034]
[-1.9,0.62]
[—0.085,2.7]
[-0.89,2.1]

[~1.8,1.7]
[~2.9,0.72]
[=3.0,1.1]
[-3.8,0.56]
[~3.8,4.0]
[-38,3.6
[-61,19
[-7.8,27
[~5.3,4.8
[~6.9,5.6
[-63,72
[0.76,12]
[-4.5,13]
[-7.7,9.8]
[-28,8.4]
[-29,8.4]
[~19,19]

]
]
]
]
]
]

[-0.32,0.26]
[~0.14,0.13]
[-1.3,1.3]
[~0.15,0.17]
[~0.060,0.059]
[—0.040,0.040]
[-0.12,0.11]
[~2.2,2.0]
[~0.10,0.10]
[-3.8,34]
[-0.18,0.17]
[-1.0,1.1]
[~0.54,0.56]
[-2.1,1.7)
[-1.9,2.3]
[—0.60,0.65]

[-0.26,0.16]
[—0.10,0.093]
[-0.086,2.5]
[-0.11,0.13]
[~0.069,0.067]
[—0.048,0.047]
[~0.091,0.086]
[-3.8,0.54]
[~0.075,0.075]
[~4.9,3.1]
[-0.14,0.13]
[-1.3,1.4]
[~0.36,0.36]
[~2.0,1.6]
[-1.8,2.3]
[-0.37,0.44]

B4



- CMS Preliminary qqH WH/ZH tH/ttH ggH 138 fo™! (13 TeV)
T T T

T T T T T T T T T T T T T T T T T T T T T T T T T
s 15F|
5 1 T | | + ot = su
S —
g < | —T— -¢-Data
Q o5 ——
0\\\\\""\\\\\\\\\\\\\\\\\\\\\\l\\
T T T T T T T T T T T T T T T T T T T I R
A T A ] Bl Cue /A" =1
|I|||||||| S
-CHW/AZ_
Bl Crws /A" =1
EICoi /A =05
[Cwu/A° =10
Bl Ce/A’ =1
M Cw /A% =1
ECe /A®=1
-chA_1o
|:|cH /A2 =0.1
iq
-Cm//\—1
Bl Che /A =1
I Ch /A2 =1
PCs /A’ =1
JCu /A2 =05
B Cio /A =1
BC/ /A =1
3 Wy, Wy, Wy, <% LV w, 3 9 ; . 4
R NN 40 g0 ™ 0o s e oowoaw'*s;"” /"A""A]/'Sog”eoée’ %, ~,
520 %0 8 s S5 S0 N7 Sep Sw4 N, v,ﬁa Sort v G o Vm”ve”‘a”va
%<, %5750 O, 00 %0, N 7 o Sop %o %, 7~ Sy %y
20 05 Y 0y B Y 3o 2" S, S, S 2 'p;vv’savﬁ:@ov
d B Y
s, Mveoz%g 73 72
AR

2 December 2024 RN B5



> CMS Preliminary Wy Z—vv WW 36.3-138 fb™' (13 TeV)
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Modifications to input analyses: Inclusive jets predictions

SMP-20-011

i W}}H

0 v
Z 141+
X L
=
(A1]
5|
Q 12
Z
=z
(o)
'_
o U
Q
o
T L
e 0.8
0.6
0

2 December 2024

20

80
P, X lyl bin index

Rederived both nominal NNLO
QCD predictions and uncertainties
with CT18 NNLO PDF set

PDF uncertainties: 28 eigenvector
variations, symmetrized and taken
as fully correlated between bins
Renormalization and factorization
scale: correlated between pr bins of
a given |y| bin

Theory statistical: obtained from
fastNLO, treated as uncorrelated
between bins

Electroweak corrections and
uncertainties from non-perturbative
effects taken from HEPData
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Electroweak precision observables from LEP & SL.C

The measurement of eight pseudo-observables measured at LEP and SLC [35, 36] is incorpo-
rated in the interpretation presented here. These observables are the Z boson total width, I'z;

the hadronic pole cross section, Uﬂa 4 defined as

0 127 1—‘eerhad

Ohad = 3 2
mz I3

, @

where T, is the partial decay width of the Z boson to an electron-positron pair and T},4 =
Tuu +Taq + Tec +Tss + Ty, is the hadronic Z boson decay width; three ratios of partial decay
widths, R, R,, R, defined as

rh d rcc bb
Ry==, Ry=—"—; 3
£ Ty “*™ Tha
and three forward-backward asymmetries, A%, Ag’g, Ag’g, defined as
Np — Np
Apg = 4
FB Nr + N, 4

In this expression, Ny (Np) is the number of events where the charged lepton, ¢ quark, or b
quark is produced in the direction of the electron beam (anti-electron beam). SMEFT corrections
on these pseudo-observables were evaluated analytically in Ref. [36].
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SMEFT parameterization (details on event generation)

CiCk
p,SMEFT —Up SM <1+ZApJA2 +Z ]k—}v): )

o) A; f\g linear terms or interference terms, from interference of SM and BSM
o B! chj\cf. quadratic terms or cross terms (when j # k)

e Constants AZ ;1 are computed by generating events at LO with MADGRAPH5_AMCONLO
-+ PYTHIA 8. 3 SMEFT effects are modelled using SMEFTsim3 (and SMEFTONLO for
loop-induced processes gg — H and gg — ZH)

e Phase space selections for each kinematic bin are reproduced using RIVET 3.1.9
e NNPDF 3.1 is used when computing the parameterizations

e All parameterizations use {my, mz,Gr} input scheme and topU31 flavour symmetry
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SMEFT operators (1/2)

X3
Qc = fuchZVGf;PG;V | Ow :gijkwlilvwiﬂwgﬂ |

H*D?
OQun = (H'H)O(H'H) | Qup = (D'H'H)(H'D,H) |

X?H?
Quc = H'HG}, G Quw = HTHW,, W™ Qup = H'HB,,B"
Ouws= H' Hw;'WBW

IIJZHS
Qu = (H'H)(QHAY) | Q= (H'H)(QHb) |

P2 XH
Qw = (Qc*t)r'AW;, | 98 = (Qc*"t)HB,, [ 9c = (Qd"THAGE,

Y?*H?D
ol) = (HtiD,H)(1,7",) o® = (HYDLH) (7" Que = (HYD,H)E,7e,)
Q) = (H"D,H) (@) oY) = (H'iD|H)(goir*q) Quy = (HYD),H)(wyu)
Qg = (H' %dew ofty = (H'iD, H)(@Q) Q) = (H'iDLH)(@r'r*Q)
Que = (H'D,H)(iv"1) Q= (H'iD,H)(b7"b)
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SMEFT operators (2/2)

¢*, (LL)(LL)

o) =@y @) Qf? = (0" 1,L,) @iy q) o) =) (Q1Q)
9 = @,o'r)Qr"Q) = @1,9(@7"Q) o = @) Iry)
Q%'l):(ﬁ"rﬂ)(ﬁw"q) Q(ls) @T*v,9)@T*v*q) o) = = (Go'v,4) (G0 v*q)
oY = @0 T*y,9) (g0 Tyq) (“ = (27, Q@) Q(ls = (QT"7,Q)@T*v*q)
Q8 = (Qo',Q)(go v*4) Qéq = (Q0'T"1,Q) (@' T*v"q)
y*, (RR)(RR)
) Qu = (Fr,t) (M) W = (@) (@ u)
off) = (@T%y,u)(@T*y u) Q) = (vt u) 0 = (1%, (AT u)
QY = (@y,d)(dyd) Qf) = (@r%y,d)@r*yd) Q) = (wy,u)(dy*d)
o) = (@ry,u) (@19 d) ol = (Fr,h)(dyd) o) = (1o, 1) (@TyHd)
¥, (LL)(RR)
Q= (L) @y ) Q= ) (k) Ol = (@) (@)
oY) = @Ty,4)(@T* ) Q8) = (Q1,Q)(rtu) Q<8> = (QT"7,Q) (aTy*u)
ol = @) vy QY = @y ETeate) 982 = (Q1,Q) (1)
QY = (QT*1,Q)(FT*yHt) Q) = @) @rtd) Q¥ = @) @1y a)
Qb = @1, Q) @r+d) Q%) = (QT*,Q)(@T*yd)
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Input Measurements: CMS-TOP-22-006, ttX EFT

e CMS-TOP-22-006 (JHEP 12 (2023) 068):
EFT in associated top quark production (ttH, ttW, ttZ, tZq, tHq, and tttt processes)
e FEach process can be studied individually, but they are irreducible backgrounds to each other
e Event selection based on number of leptons, jets, and b-tagged jets
o 43 categories, binning in a kinematical variable within each category
e Total predicted event yield in each observable bin parameterized as a quadratic function of 26 WCs

o Detector-level predictions accounting for all relevant EFT effects on each of the signal processes

simultaneously
CMS postfit 138 fb' (13 TeV,
12 Z
'5500 ) ) ) ) ) . . . . DCharge misid. DTriboson
S [ R R R I T
DMisid. leptons DConv.
300 . .
| | | | | | | | Wiv Wi
200 [Woiboson Hwz
100 | | | | [tiiq [ [l
0 % Total unc. ¢ Data
s 2
el
g‘ﬁ"" Y RS S 44 3k A TIPS R W 3 ISR SR 3 IS Y Y ST
s | | | | | | | | | |
S 4 5 6 7i[4 5 6 7j[4 5 § 7J|4i 5 6 7i[2 3 4 5[2 3 4 5[2] 3j 4 572 3§ 4 5/[2] 3 4 52 3 4 52 3 4

2('ss 2b(+) 2('ss 2b(-) 2{ss 3b(+) 2(ss 3b(-) 13¢ off-Z 1b(+) | 3¢ off-Z 1b(-) 1 3¢ off-Z 2b(+) |3¢ off-Z 2b(-)| 3¢ on-Z 1b 3¢ on-Z 2b af
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https://cms-results.web.cern.ch/cms-results/public-results/publications/TOP-22-006/index.html

Input Measurements: CMS-TOP-22-006, ttX EFT

e Original analysis sets constraints on 26 Wilson coefficients in e 1381 (13 TeV)
the dim6top basis v st o e cms

)
+_Other WCs fixed to SM (10)

e In the combination we use topU31 SMEFT basis as o [
implemented in SMEFTsim3, and consider additional o0
operators that may affect the ttX processes o

e To include ttX analysis in the combination in a consistent

way, we therefore had to on+2
o rotate from dim6top to SMEFT topU31 iy
o study the effect of missing operators on ttX processes o
e Qup uniformly scales all SM Higgs boson couplings ”gz
o added to ttX analysis as rescaling of ttH and tHq signals o
e 2-heavy-2-light quark operators enhance ttZ and ttH :i
production rates (effect on shape and normalization) o
o added to ttX analysis by reweighting the signal cc‘:
samples using standalone reweighting modules produced 5;55
by MadGraph («post-mortem reweighting) Zg:: ST S
e Effect of other operators found to be negligible 6 4 =2 0 2 4 6

Wilson coefficient / A [TeV?]
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