Higgs results in ZZ hinal state with
the CMS experiment

H 5 (Johns Hopkins University)
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From July 4th, 2012 seminar
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From Peskin, Higgs Hunting, 2012

Our understanding of this boson will advance in stages.

| expect 3 stages:
1. Are the major decay modes present ?
2. Standard-Model-like Higgs boson, or not ?

3. Are there small deviations from the Standard Model ?



6 years later...



CMS Integrated Luminosity, pp

2012-2018

Data included from 2010-03-30 11:22 to 2018-05-25 18:28 UTC
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http://www.hep.ph.ic.ac.uk/~wstirlin/plots/plots.html

Are the major decay/production
modes present?
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T'he 27— 41 decay mode
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1'he production modes
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Events / 2 GeV

CMS-PAS-HIG-18-001

1'he production modes
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VBF

ttH

VH

Other decay/production modes
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Other decay/production modes
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Standard Model like boson?



CMS Preliminary
35.9 fb™ (13 TeV)
Her _—‘__
MWH
MZH ——‘——
i __'__
! -

CMS-PAS-HIG-17-031

onsistency across channels

® Observed

= +10 (Stat.®sys.)
= +10 (SYS.)
— +20

O 05 1 15

2

25 3 35 4
Parameter value

CMS Preliminary
35.9 b (13 TeV)

® Observed

== +10 (Stat.®sys.)
= +10 (SYS.)

— +20

—:*—

0.5 1 1.5 2 2.5
Parameter value

10

Ratio to SM

CMS Preliminary
a T T

35.9fb' (13 TeV)
— AP Y

w Z

------- SM Higgs boson
— [M, €] fit

1 10 10°
Particle mass [GeV]



2In(L, /L)

Spin-parity

Data favor 0+ scalar state

H— Z7 alone
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Spin-parity

All exotic models excluded > 98% CL

PRD 92 (2015) 012004

CMS X — ZZ + WW 19.7 fo' (8 TeV) + 5.1 fo ' (7 TeV)
120 | . . . . . . . . . . . i
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Small deviations from the SM?



Spin-0: 0+, 0-, On*

AHV1Vy) ~
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CP mixture?

ViVa 2 ViVay 2

SM values of the couplings

Measure fai = cos(0) a2 oi/ (ai2 oi + a12 01)
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How and where to measure

H— yy: only sensitive to non-spin0

H— WW: no full kinematic information available

H— Z(v*)Z*(y*) — 4l: full kinematics available, angular
information

21



T he measurement

H— Z(yv*)Z*(v*) — 41, Matrix Element likelihood Analysis (MELA)

A- Suppress baCkgI‘Ound CMS 19.7 fo™' (8 TeV) + 5.1 fo! (7 TeV)
Peni 0
Dbkg - g i e Observed |
P + ¢ X Pguz < 20~ — M -
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o ol ZZ/Zy h
W0 [ zex
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T he measurement

H— Z(yv*)Z*(v*) — 41, Matrix Element likelihood Analysis (MELA)

A' Suppress bac%{ground CMS 19.7fb" (8 TeV) + 5.1 fb' (7 TeV)
To) L I B B
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T he measurement

H— Z(yv*)Z*(v*) — 41, Matrix Element likelihood Analysis (MELA)

A. suppress background
Psm

CMS 19.7 o' (8 TeV) + 5.1 fb' (7 TeV)
I | I I I | I I I | I I I
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T he measurement

H— Z(yv*)Z*(v*) — 41, Matrix Element likelihood Analysis (MELA)

A' Suppress baCkgrOund CMS 19.7 fo' (8 TeV) + 5.1 fb' (7 TeV)
, Pox o PR
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PRD 92 (2015) 012004

lous Coupling results at Run

0- and 0Lt excluded > 95% CL
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Anomalous coupling at Run2

VBF and VH modes
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Anomalous coupling at Run2

Runi

CMS 19.7 fb" (8 TeV) + 5.1 b (7 TeV)

|
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Mass measurement

Model Ky Kp Firy

Why preCISe mMass measurement? Singlet Mixing ~ 6% ~ 6% ~ 6%
2HDM ~ 10/( ~ 10%\ ~ 1('7(_:'
: Decoupling MSSM  ~ —0.0013% ~ 1.6% ~ —.4%
° -
SM Self COnSIStenCy CheCk’ MH Composite ~ —3% ~—383=9% ~—=9%

contribute to Mmw Top Partner ~ —2% ~ —2% ~ +1%

CMS Preliminary <5.1 16" (7 TeV) +<19.7 fb' (8 TeV)

e determine the EW vacuum stabillity £ ool
40 - /

o affect the coupling uncertainties 20 [y A
CMS-PAS-HIG-16-007

Model not strictly applicable

100 MeV AmH => 0.9% ABR

E Observed exclusion 95% CL
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_ __ | Model not strictly applicable
[ ] n(125) (HIG-15-002)
A/H — bb (arXiv:1506.08329)
A/H/h = pu (arXiv:1508.01437)

[ ] AHM =t (HIG-14-029)
] M hh (bbro) /A — Zh (i)
(arXiv:1510.01181)

/,
A H — hh (bbyy) (HIG-13-032)
H— WW/ZZ (arXiv:1504.00936)

 BSM correction to the couplings  SM Coupling °|
might be subtle constraints “
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Mass measurement

PRL 114 (2015) 191803

JHEP 11 (2017) 047

CMS 35.9 fo (13 TeV)
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On-shell width measurement

JHEP 11 (2017) 047
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Ofl-shell width measurement: Runl

SM prediction: 4.15 MeV, extremely small compared to the mass ~ 125 GeV
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Ratio to NNLOPS
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Direct search for BSM?



tanp

Sdearch tor additional Higgs

CMS Preliminary <5.1 1" (7 TeV) +=19.7 fb" (8 TeV)
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Search for ggH and VBF production
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Search for additional Higgg™ ™™™

Fully analytical description for any (mn, I'n) with the interference in 4l and 212q
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Summary

 The ZZ final state provides a long list to check things about the Higgs boson
e Existence? Vv
e SM like? V
* Precisely SM?7?7?
* Couplings of decay and productions??
 Anomalously couplings ?
« Mass?
e Width?
e Differential distributions?
« BSM Higgs search?
 We are in an era of precision measurement, and the list is expanding
o Off-shell differential..
 More data (3000 fb-1) and more ideas waiting for us! So far only analyzed ~70 fb-
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Anomalous coupling with production

VH(bb) to measure HVV (V=/,W) coupling

Phys. Lett. B 759 (2016) 672

sensitive to small anomalous counlines

f,3 < 0.0034 at 95% combined with H—ZZ/WW |
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18.9 fb™' (8 TeV)

- CMS

. correlated u

— —— VH+VV observed
[ — — VH+WV expected
. —— ZH+ZZ observed
- —— — ZH+ZZ expected

WH+WW observed

WH+WW expected




