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Production and decay modes of Higgs (@LHC)

In SM:

Each allowing to test the Higgs
properties from different perspective

Four main Higgs production mechanisms

The dominant Higgs

production mode is ggF
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Higgs production cross-section
iIncreases with collision energy
(25% between 7 and 8 TeV)
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Bosonic decay modes cover
the spectrum between low
and high branching fractions

Bosonic decay modes are all well covered experimentally by featured search signatures

Thus ZZ, yy and WW are main discovery modes and Zy allows for further SM tests

The complimentary y*y mode plays a crucial role in rare Higgs decays (by interference)
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H-yy

A di-photon provides relatively clean final-state topology
One of the two channels providing
Events from specific production mechanisms are further excellent precision for the Higgs
identified and classified by the presence of additional mass reconstruction:

objects in the final state

The analysis searches for a (narrow) peak over smooth m,,, = \/(2 E,E, ( 1—cos« ))
background — a simultaneous fit to the di-photon invariant
mass distributions in all event classes is performed

The new final result comes with many improvements over the preliminary one:

@ Final set of calibrations Results made public
@ MC includes time dependent description less than a month ago
@ Analysis chain completely re-optimized _
@ Exclusive channels expanded to include all production modes arXiv:1407.0558 [hep-ex]
@ New method for modeling the background (CMS-HIG-13-001,
@ Considerable effort in studying the energy scale uncertainties CERN-PH-EP-2014-117)
(reduced by a factor of three for the invariant mass)
Change Improved energy New event selection Background
resolution (new calibration | (re-training + re- modeling
+ new regression) categorization)
Improvement over
preliminary result (PAS) ~9% ~9% =l
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H-yy (2)

19.7 o' (8 TeV) + 5.1 fo' (7 TeV)

10°

> 10 ()
& sk CMS S/(S+B) weighted sum =

TEHowy >
~ E ¢ Data |
0 3@ o Q.
"E C S+B fits (weighted sum) —
o o5 Eo®e e B component 8
& F 3
© 2F
2 :
S 15F
© c
= 1=
n_?_ 0.5F
n
g
9]

Untagged 0
Untagged 1
Untagged 2
Untagged 3
VBF dijet 0
VBF dijet 1
VH tight |
VH loose |
VH MET
VH dijet
ttH tags
Untagged 0
Untagged 1
Untagged 2
Untagged 3
Untagged 4
VBF dijet 0
VBF dijet 1
VBF dijet 2
VH tight |
VH loose |
VH MET
VH dijet
ttH lepton
ttH multijet

)
=
w
T
l
=

120 125 130

I135H140HI145HH150
m,, (GeV)
19.7 6" (8 TeV) + 5.1 o' (7 TeV)

> l—i_—.'_| ~ - 1.14 02
L |a—" pe— lJ'combined - -0.23
L~ /e
—e——  [m =124.7GeV]
B —e—i H
B T
B I ! _ °
®
B —o—
- >
— @
I
| ©
— | combined + 1o
: ——
- e " —e—i per-channel+1c
I —e—i
B —e——i
B °
| [ : l' | | | I | | | | | | | | | | | |
0 5 10 15

CMS H-oyy 19.7 6" (8 TeV) + 5.1 fb™ (7 TeV)
7/ \
1o
T 2¢
~~18¢c
. .. arXiv:1407.0558 [hep-ex]
50
Observed 7 + 8 TeV
Observed 7 TeV
Observed 8 TeV
Expected 7 + 8 TeV
Expected 7 TeV
9 Expected 8 TeV
10 v v v b b b b by
110 115 120 125 130 135 140 145 150
m,, (GeV)

A signal with significance of 5.7¢ is observed (5.20 expected)

mass m, =(124.70+0.31 stat +0.15 syst ) GeV
sstirge?gth u=1.14+0.21stat J:O'Og syst i0.13 theo

Fermionic and bosonic couplings consistent
between each other. Overall — properties
consistent with SM Higgs boson.

The measurement is still statistically limited.
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H—-Zy and H-y™y (Dalitz decay)

Search similar to the di-photon decay mode except the experimental signature is different.
Multiple categories are also introduced for Zy. Lepton Z/y* decay modes are exploited.
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H-ZZ
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Lepton Z decay modes exploited to provide cleanest
signature and build m_

Additional kinematic information from the event
(kinematic discriminant)

Categorize events as dijet-tagged and untagged (further
discriminate VBF by the p_ of the four-lepton system)

3D fit of m,, kinematic and dijet discriminants or p_(4l)

CMS (s=7TeV,L=511b"; \(§=8Tev,L=19.7fb"
> ' — — ]
© 35 * Data -
(OJ & m,=126 GeV ]
(4p) 30 C | A4 7
~ - B Z+X ]
[2] B ]
c 25 m 7]
(O] B ]
> N ]
LW 20F } +-114

N 110 120 130 140 150 ]

15F i m,, (GeV) 3

- H 1 .

1 0 — @l —
: | i 5
5k ! '\ [yt Ll ‘ | -
80 100 200 300 200 600 800

m,, (GeV)

CMS (s=7TeV,L=511";{s=8TeV,L=19.7 fb"
® 1 [T T T T 17 ‘ T L T T L
210" e
cg - -
1 10'3 = - 30
C_Cg 10 SE — Observed L:“ a
®) 107 i — Observed :\“ 50
N — Observed L:SD ! \;
10—9 - - Expected ; x|
107 : -
- ":\ ‘\ ,I : - 70
1078 ; E Phys. Rev. D 89,
05 : § 092007 (2014)
10-17 o b 1 \ 11 [ IR RN B il i | [ L1

110 120 130 140 150 160 170 180
m, (GeV)

A signal with significance of 6.80 is observed (6.70 expected)

=(125.6+£0.4 stat =0.2 syst) GeV

H
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=0.93 stat Syst
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H-WW

Highest (bosonic) branching ratio but large background
and harder to identify; lepton decay modes exploited
Events from specific production mechanisms are further
identified and classified by the presence of additional
objects in the final state

In O/1-jet categories the signal is extracted by 2D shape
analysis: reconstructed Higgs boson transverse mass m_

and charge di-lepton invariant mass m(ll).

A signal with significance of 4.3¢0 is observed (5.80 expected)
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Higgs mass from ZZ and di-photon decay modes

The high resolution decay channels yy and ZZ are T JSm——— 197151 (8 TeV) + 5115 (7 TeV)
used to extract the Higgs mass — the best-fit value is c o CMS Ny B2z
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Higgs width from ZZ decay mode

Direct measurement of the Higgs width is limited by the . CMS simision trpwlshod 1978 07ev)
detector resolution (GeV scale) — not possible to measure 8.t E
the predicted SM value of 4.15 MeV (at m =125.6 GeV) B[] 9gtWZZ(N=28 =)
H E 6 | — gg+VV— ZZ (SM) 3
> L ]
LLl O _
However it can be constrained by off-shell H-=ZZ events l:
with mild model dependence (same coupling on/off-shell 4 ]
Is assumed) at few 10s of MeV 3 bl E
2 2 u
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ge+H—Z77 mulH gg—H— (2mz)2 1 ;j E
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Combining charged four-lepton 41 and 212v decay arXiv:1405.3455 [hep-ex]
channels provides 20% stronger limits ( CMS-HIG-14-002,
In 4| (Oﬂ:_she”). CERN-PH-EP-2014-078)
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gg—ZZ production using matrix element @ After selecting an isolated lepton pair
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Dgg

and MET in the event > 80 GeV
@ Build the transverse mass (>180 GeV)

@ Build 4l invariant mass (> 220 GeV) my = {\/ prac® + mo® + \/ Emiss® 4 gpp,,2

@ Perform likelihood fit with two-dimensional

pdfs @ |t enters the likelihood fit 9
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Higgs width from ZZ decay mode (2)
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Higgs Spin and Parity (highlights)

The Higgs bosonic decays are the ones used to tests the
spin statistics and parity

ZZ is the richest and well defined state and is the main
player; WW has larger statistics but Higgs is partially
reconstructable; yy can give additional information by
precise differential cross-section measurements

All hypothesis tests (by likelihood fits) are consistent with
the new state being a scalar particle (no anomalous
couplings observed)

Parity tests with ZZ
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- three invariant masses
- five angles
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Summary

Chanel | Data | Specialty | Significance | Mass Signal J” = | Higgs width
(fb™) Obs. (exp.), |(GeV) |strength |0* | Obs. (exp.)
H-yy |49+ |Mass, 5.7 (5.2) 124.70 1.14 ~ <2.4 (3.1) GeV
19.7 discovery, +0.31 |+ 0.26 @95% CL
couplings +0.15 |- 0.23
H-ZZ |51+ |Mass, 6.8 (6.7) 125.6 0.93 yes | <22 (33) MeV
19.7 | width, +0.4 | +0.29 (off-shell/on-shell
discovery, +0.2 |- 0.25 measurements )
couplings
H-WW 49+ |Cross- 4.3 (5.8) 125.5 0.72 yes
19.4 | section, +3.6 | +0.20 -
couplings -3.8 |- 0.18

@ The observed significance of the Higgs-boson like particle at ~ 125 GeV mass in the main
bosonic channels establishes the new state

@ The signal strengths are compatible with the SM cross-section

@ Bosonic channels also provide very precise mass measurement of the new state

@ The width of the new particle is tightly constraint and also consistent with SM Higgs
@ Spin/parity tests of the new particle suggests it is a scalar

@ All clues point strongly to SM Higgs boson

The rates of the rare decay modes Zy and y*y were constrained and analyses established
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Back up
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Table 2: Definition of the four untagged event classes and the dijet-tagged event class, the
fraction of selected events for a signal with my; = 125GeV produced by gluon-gluon fusion at
v/s = 8TeV, and data in a narrow bin centered at 125 GeV. The bin width is equal to two times
the effective standard deviation (o). The expected full width at half maximum (FWHM) for

the signal is also listed.

Data
Signal
Tost (GeV)
FWHM (GeV)

Data
Signal
oogs (GeV)
FWHM (GeV)

Data
Signal
Oogs (GeV)
FWHM (GeV)

Data
Signal
Tost (GeV)
FWHM (GeV)

Data
Signal
Tost (GeV)
FWHM (GeV)

ete 7 HH T

Event class 1

Photon 0 < |y| < 1.44
Both leptons 0 < || < 1.44

Photon 0 < || < 1.44
Both leptons 0 < |p| < 2.1
and one lepton 0 < 5| < 0.9

Ry > 0.94 Rq > 094
7% 20% H
29% 33%

1.9GeV 1.6GeV
45GeV 37GeV

Event class 2
Photon 0 < || < 1.44
Both leptons 0 < || < 1.44

Photon 0 < [y < 1.44
Both leptons 0 < |p| < 2.1
and one lepton 0 < 5| < 0.9

Rg < 0.94 Rg < 0.94
26% 31%
27% 30%

2.1GeV 1.9GeV
5.0GeV 4.6GeV

Event class 3

Photon 0 < |y| < 1.44
At least one lepton 1.44 < || < 2.5

Photon 0 < || < 1.44
Both leptons in || > 0.9
oroneleptonin2.1 < |y| < 2.4

Mo requirement on Ry No requirement on Rg

26% 20%
23% 18%
3.1GeV 2.1GeV
7.3GeV 5.0GeV

Event class 4

Photon 1.57 < [y] < 2.5
Both leptons 0 < || < 2.5
No requirement on Eq

Photon 1.57 < [ < 2.5
Both leptons 0 < |y < 2.4
No requirement on Rg

31% 29%
19% 17%
3.3GeV 3.2GeV
7.8GeV 7.5GeV

VBE class
Photon 0 < [ <25
Both leptons 0 < || < 2.5
No requirement on Eq

Photon 0 < [5] < 2.5
Both leptons 0 < |n| < 2.4
No requirement on Rg

0.1% 0.2%
1.8% 1.7%
2.6GeV 22GeV
4.4 GeV 3.8GeV
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Back up
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Best fit for G/GSM
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Back up
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