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* Introduction

* Higgs combined property measurement results:
* Global signal strength measurement
* Production cross-section measurement

* Measurement of coupling parameters in the “kappa”

framework

* Summary



Following the Higgs Boson with mass ~ 125 GeV discovered in 2012, more
data (full run 2 ~140 /fb ) pushes Higgs physics from searching to precisely

measuring properties.
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Decay channel Branching
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H—>7Z*->4l (I=e,u) and H->yy: low BR but clean signature. The excellent mass
resolution is crucial for the Higgs boson mass measurement.

H->WW?*: high BR but low mass resolution. (See Claudia’s talk)

H->bb and H->tt : high BR, low S/B and low mass resolution at LHC. (See
Antonio, Zhijun and Yanhui’s talk )



gluon fusion

Vi

ector boson fusion (VBF)

associated prod. with W/Z

ATLAS-CONF-2018-031

associated prod. with tt
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* Measurement is based on combining
e 79.8/fb:H > 7Z,H > vyy,and H = pu
 36.1/fb:H > WW, H - ttand H - bb (ttH, H>WW, tt come from the

same input analysis, see Zhi’s talk )


https://cds.cern.ch/record/2629412
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ATLAS has observed VBF production

mode independently (6.50). (see

Yaquan’s talk)

Significance ATLAS+CMS ATLAS(36.1

obs. (exp.) Run-1 — 79.8 /fb)
VBF 5.4(4.6) 6.5(5.3)
VH 3.5(4.2) 5.3(4.8)
ttH 4.4(2.0) 5.8(5.3)

5-D compatibility with SM: 51%.
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The ggF and VBF are anticorrelated at
14% level.

The ggF-VBF contour shows the
measurement is consistent with SM
within 68% CL.
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Ratios of cross sections and of branching
fractions are measured using as reference
the rate of the gg > H - ZZ -4l process:
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* 9-D compatibility with SM: 83%.

Cross-sections times branching fraction for

production in each relevant decay modes



* With known Higgs boson mass, the SM Higgs sector is fixed.

* Use the LO coupling modifier to probe for deviations from the SM.

* Introduce one scale factor k per SM particle with observable “Higgs
coupling” at the LHC: kW, kZ, «t, kb, KT, K\, Ky, Kg, KH
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e Can handle other production and decay vertices in a similar way (much
simpler in most cases)



Model 1. Assume uniform coupling  Model 2. Assign coupling modifier to
modifiers for all weak vector bosons (ky) gg—>H/H->gg (Kg ) and H=>vyy (ky ). All

and all fermions (k). the other couplings are fixed to SM.
e 2D compatibility with SM: 70%

kp = 1.05X3%5 2D compatibility — 1.05%0.06

ky = 1.06%397 with SM: 31% kg = +-V2-0.06
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—* Model 4. All couplings are assumed to positive. Bgg¢yyis assumed to

be zero. H->uu is included in this parameterization.

Couplings are in an excellent agreement with the Standard Model
prediction over a range covering 3 orders of magnitude in particle

Mass.
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Parameter Definition in terms of £ modifiers Result

KgZ Kgkz /K 1.06 4 0.07
At e/t 1.0955114
Azg Kz /Ky 1067475
Aw z Kw [ Kz 0.991059
Ayz Ky /Kz 0.957603
Az Kor Kz 0.95 + 0.13
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7D compatibility
with SM: 86%

Model 5. The parameterization requires no assumption on the total width of the
Higgs boson. All parameters are assumed to be positive.
Unprecedented precision reached for all modifiers comparing to the previous

results.

The gluon-gluon fusion and Higgs boson production in association with top
quarks is sensitive to test for new physics in the ggF loop.
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Model 6. No BSM contributions to the total width are considered. 7D
compatibility with SM: 87%.

Model 7. BSM contributions to the total width are included, constrained by
assuming Bpgps20and k7 < 1.
BBSM <0.26 @ 95% CL



*  Measurement of Higgs boson production and decay performed based on
e 798/tbH—Z2Z H—vyy,and H— uu
« 36.1/tb H—>WW, H—ttand H— bb
* Combined signal strength:
p= 1.137332 = 1.13102(stat. ) 1002 (exp. ) T35 (sig. th.) *3:03 (bkg. th.)
* Production mode cross sections, ratios of production mode cross sections
measurements are performed. The significance of VBF, VH and ttH
production mode are measured to be 6.50, 5.30 and 5.80, respectively.
* Data also interpreted using kK framework. Unprecedented precision
reached for many of the parameterizations.
* |n all cases, compatibility between data and SM is within 2 standard
deviation. No deviation from SM captured.

* More channels and more integrated luminosity will be added in the

following combination analysis.
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Thanks
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Backup
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“kappa” model

e Parametrisation:

CLHCP 2018 - Zirui Wang

Effective
Loops Interference scaling factor Resolved scaling factor
Production
o(ggH) v g-t xé 1.04«7 + 0.002x2 — 0.038xxs
o(VBF) — — 0.73k3, + 0.27x2
oc(WH) — — K
v(qq/qg — ZH) — — K7
o(gg — ZH) v Z-t 2.46K% + 0.47x% — 1.94k 7K,
o(ttH) — — x?
o(gb — WtH) — W-t 291x? + 2.31k3, — 4.22kikw 9 5y
o(gb — tHq) — W-t 2.63«? + 3.58k3, — 5.21Kkkw
o(bbH) — — K}
Partial decay width
r# - - K%
I"WW . . K%V g\
r v W-t K2 1.59x3, + 0.07k7 — 0.67xkwK,
re — — K%.
rbb = - K%
T — — K
Total width for Bggy = 0
0.58 + 022k, + 0.08K3+
T'n v - K2 +0.06x2 + 0.026x2 + 0.029x2+

+0.00232 + 0.0015x7, +
+0.00025x2 + 0.00022x;,
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1. Modifications to fermion and
gauge bosons couplings

2/3. Modifications to effective
photons and gluon couplings w/
or w/o BSM decays

4. Parameterization assuming
SM structure of the loops and
no BSM decays

5. Parameterization using ratios
of coupling modifiers

6/7 Generic parameterization
w/ or w/o BSM decays

KE, Ky/

Kg, Ky, (BBSM)

Kul KW) KZIKtI
K, Kb

Kgz)Azgs Mg
}\WZ ’ AVZ ’ }\TZ ’
Apz

Kgl KVI KWI
KZIKt) KT) Kbl
(Besm)

No BSM contribution
Kg, Ky >0

Kg, Ky > 0

Bgsnm Within (0,0.5)

No BSM contribution
All POls are positive
H = upincluded

No BSM contribution
No assumption on the total width
All POls are positive

Only allow k¢ to go both positive
and negative
Bgsnm Within (0,0.5)
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Uncertainty source éf [ %]
Statistical uncertainties 4.5
Systematic uncertainties (excl. MC stat.) 6.1
Theory uncertainties 4.8
Signal 4.3
Background 2.3
Experimental uncertainties 4.0
Luminosity 2.1

Fake leptons 1.2

Jets, Emiss 1.3
Flavour tagging 0.9
Background modeling 1.2
Electrons, photons 2.2
Muons 0.3
T-lepton 0.4

Other 1.5

MC stat. uncertainties 1.5
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Significance ATLAS+CMS  ATLAS(36.1

obs. (exp.) Run-1 —79.8 /fb)
VBF 5.4(4.6) 6.5(5.3)
VH 3.5(4.2) 5.3(4.8)
ttH 4.4(2.0) 5.8(5.3)
* Run 2 H- yy mass resolution: * Run 2 H->ZZ* -4l mass resolution:

1.4-2.1 GeV 1.6-2.4 GeV



