Higgs mass and width at CMS
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* my is the only one free parameter in the SM Higgs sector and determines all other
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Introduction to my,

properties of Higgs boson ( couplings, BR...)
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» my and m, determine EW vacuum
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IntroductiontoH - ZZ,H — yy

* The Higgs boson discovery has ems
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» H— ZZ,H = yy, two golden
channels serve Higgs measurements =
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mymeasurementin H — yy

CMS

35.9 fb' (13 TeV
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* Previous analysis with 2016 Run2 dataset 5 16000E oy

(35.9fb~1,13TeV )

* Expected event yield ~ 1900 events with S/B ~ 1:10
at peak range
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* Put a lot of effort on calibrations for detector
effects, energy leak, material effect, non- 2004 T
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mymeasurementin H — yy

* Event categorisation

» Di-photon MVA discriminant D,,

( higher score for better mass

resolution and higher photon purity )

* VBF MVA discriminat Dy ( trained

vs g¢¢ — H and bkg. )
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* Enhanced VBF MVA discriminant

D eVBF

* Systematic uncertainties
» / — ee for energy calibration

* e/y extrapolation

Table 1

The observed impact of the different uncertainties on the measurement of my.

80

Source Contribution (GeV)
Electron energy scale and resolution corrections 0.10
Residual pt dependence of the photon energy scale 0.11
Modelling of the material budget 0.03
Nonuniformity of the light collection 0.11
Total systematic uncertainty 0.18
Statistical uncertainty 0.18
Total uncertainty 0.26
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mymeasurementin H — yy
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mymeasurementin H — ZZ

 Newest result with full Run2 dataset ( 138fb~!,
13TeV)

* Expected event yield ~ 600 events with S/B ~ 1:1

* [Lower statistics with better momentum
measurement (w.r.t H — yy)

* Final my precision is determined by statistical
uncertainty

* More effort on reducing statistical part,
detector resolution optimisation, sig-bkg
separation, etc.
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mymeasurementin H — ZZ

CMS 138 fb™ (13 TeV)
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* Improvements on momentum resolution _
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* Muon tracks are constrained to beam-spot by KM algorithm, inject more information S + :
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* Improve Higgs mass resolution by 5~8% in 4u final state, smaller impacts for 2e2u and 2 ok + E
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mymeasurementin H — ZZ
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[, measurementin H — ZZ

* On-shell * Off-shell

* Aim to measure width from the ratio of on-

* The same procedure as m; measurement, treat I ;; as
shell and off-shell yields

POI and signal strength and m; as free parameters
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Summary

* Higgs mass measurement has been introduced from aspects of achievable precision, methods,
advantages/drawbacks of the two golden channels

» Statistical uncertainty dominates H — ZZ. How to improve mass resolution and efficiency

* Systematic uncertainty dominates H — yy. How to calibrate ECAL energy reconstruction

* Cross reference fl‘Om ATLAS S S S S
ATLAS e Total Stat. only | Combination
Run1: ,/s=7-8TeV,25fb~!, Run2: \/s =13 TeV, 140 fo~!
LHC fU" Run2 ATLAS CMS Total (Stat. only) ;
Run1 H — ! o | 126.02+ 0.51 (+ 0.43) GeV |Z
H— 2/ 124.99 £0.19GeV | 125.04 £ 0.12GeV Run1 H — 4¢ : . : 124.51 + 0.52 (+ 0.52) GeV CZDU
-
Run 2 [ — 4¢ —e—] 124.99 + 0.19 (x 0.18) GeV |3
Run 1+2 H — vy 125.22 + 0.14 (£ 0.11) GeV uﬁ
¢ FH from H— Z/ Run 142 H — 4( 124.94 + 0.18 (+ 0.17) GeV éo
Run 1 Combined | | ® : 125.38 + 0.41 (+ 0.37) GeV
° Off_she": FH < 29+%3 Me\/ Run 2 Combined }-Ol—i 125.10 + 0.11 (+ 0.09) GeV
S Run 1+2 Combined I—TI 125.11 + 0.11 (+ 0.09) GeV
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