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Higgs production and decay

@ Production mechanisms

@ Gluon fusion is the dominant production mechanism ggH 48.58 pb
@ VBF, VH and ttH allow to test H properties
@ ttH, see M. Peruzzi presentation this afternoon p
http://indico.cern.ch/event/432527/contributions/1072545/ wz
qqH 3.78 pb i
@ Higgs decay Wz
@ WW is one of the Higgs decays with larger BR and a
reasonable level of irreducible backgrounds ' .
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@ 2.3/fb collected in 2015 Jet lepton
@ Background composition varies w.r.t. number of jets I:\W/
. : v
@ (jets: WW, W+jets ‘W
@ 1 jet: WW, Top
Y
- lepton
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The background menu

W - lv +jets
~61 nb
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Analysis strategy

@ Neutrinos — impossible reconstruct an invariant mass spectrum

@ In transverse plane momentum conservation

@ Build a transverse mass variable:

@ 2 neutrinos — more complicated than in simple W — Iv decay

@ Di-lepton and MET system considered

0jetH > WW [ljetH—>WW
geEmiss

My © \/2 p4t - Emiss (1 — COSAgng’E%liSS) v

: cu ue cu ue
@ A¢ (ILMET) = angle between di-lepton system and MET

@ p,"=momentum of di-lepton system

STy yyyyyyymn

IMET 95 1n Run 1

@ 2D template fit based on m /m
@ 0 jetand 1 jet to have different background contamination

@ ey and pe p, ordered leptons, to exploit different fake rate for electrons

and muons ST
lepton lepton
lepton H lepton

MET

vr

v
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Tackling backgrounds

@ Lepton selections:
@ 2 opposite charge leptons (|n|<2.5 for e, |n|<2.4 for u) with optimized lepton isolation and identification criteria
@ p ledingleron > 20 GeV and p 2" n > 10 (13) GeV for u(e)

@ WW selections

@ Low mass resonances: m,> 12 GeV
@ Kinematic cut: p," > 30 GeV

@ Extra lepton veto: 2 leptons only with p_ > 10 GeV

2 EtmiSS selection:
@ E™= >20GeV

am "MT> 60 GeV

@ Jet selections:
@ B-veto:

@ b jets identified looking at tracks associated to the
jet exploiting lifetime of B mesons and soft muons
coming from leptonic b decays (combined MVA)
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Tackling backgrounds

@ Lepton selections:

@ 2 opposite charge leptons (|n|<2.5 for e, |n|<2.4 for u) with optimized lepton isolation and identification criteria
@ p ledingleron > 20 GeV and p, 2"n > 10 (13) GeV for u(e)

@ WW selections
@ Low mass resonances: m,> 12 GeV

@ Kinematic cut: p.""> 30 GeV
o Extra lepton veto: 2 leptons only with p. > 10 GeV
a E™> selection:

o Ems >20 GeV

am "MT> 60 GeV
W - lv +jets

@ Jet selections: ~61 nb
@ B-veto:

@ b jets identified looking at tracks associated to the
jet exploiting lifetime of B mesons and soft muons
coming from leptonic b decays (combined MVA)
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W+jets

@ Data driven estimation based on fake-rate method: probability for a jet to be reconstructed as
a lepton

@ Control region in same-sign 2-leptons phase space:

0 jet 1 jet

CMS Preliminary L =2.3/fb (13 TeV) CMSPreliminary L =2.3/fb (13 TeV)
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Tackling backgrounds

@ Lepton selections:
@ 2 opposite charge leptons (|n[<2.5 for e, n|<2.4 for w) with optimized lepton isolation and identification criteria
@ p ledingleron > 20 GeV and p 2" n > 10 (13) GeV for u(e)
@ WW selections
@ Low mass resonances: m > 12 GeV
@ Kinematic cut: p_ "> 30 GeV
@ Extra lepton veto: 2 leptons only with p_ > 10 GeV

2 Etmiss selection:
@ Et“fliss > 20 GeV

am "MT>60 GeV

@ Jet selections:
@ B-veto:

@ b jets identified looking at tracks associated to the
jet exploiting lifetime of B mesons and soft muons
coming from leptonic b decays (combined MVA)
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Tackling backgrounds

@ Lepton selections:
@ 2 opposite charge leptons (|n|<2.5 for e, n[<2.4 for u) with optimized lepton isolation and identification criteria
8 p, ledinglepion > 20 GeV and p, 2" > 10 (13) GeV for u(e)
@ WW selections
@ Low mass resonances: m,> 12 GeV
@ Kinematic cut: p." > 30 GeV
o Extra lepton veto: 2 leptons only with p. > 10 GeV

3 Etmi“ selection:

s E™s >20GeV

o m "MET> 60 GeV

tt - WWbb - Ivivbb | b
@ Jet selections: ~87 pb

@ B-veto:

@ b jets identified looking at tracks associated to the
jet exploiting lifetime of B mesons and soft muons
coming from leptonic b decays (combined MVA)

Details on b-tag in M. Verzetti’s talk

on Saturday morning
http://indico.cern.ch/event/432527/contributions/1072114/
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Top

L=2. 3/fb (13 TeV

~

= - @ Requiring at least a jet 2 soor ] E

- mVZiyy  tWandH - identified as a b-induced jet wo IVEZIThy  tWandt E

50 - 4 Data Systematics E ] : -+ Data Systematics .
af - @ 0jetp,>30GeV 3 E
30f = 1 p ]
% ] o 1 Jet pT > 30 GeV 200% . =

20 j | ; _
4 4t4 o & @ Top shape from MC and e, -

L = &,ﬁ% 4 " normalization from data, . -5
I .~ measured separately in 0/1 jet & b
E 08 JIH [] E ateoo § H}—%
a8 0.656 100| [ o EEJO C g ry 200
m, [GeV] m, [GeV]

CMSPrehmmary L=2. 3/fb (1 3 TeV) CMSPreIiminary L=2. 3/fb (1 3 TeV)

% 70? DY | |Fake E % C Y [ Fake ]
o o AAY = m, 5 1000 VVV ~
oF EVZy'ly tWandtt E ~EVZy Wandt ]

- 4+ Data [”]Systematics ] 800:_ + Data 7] Systematics B

40|~ — B ]

z ] 600/~ ]

30| = 2 i

% —% ] mTll MET 400—% ]

20 il - . | : ]
mi j/;%%‘ A :i; E 200l B

E ///// L;L: P . /WM%,/ » o E

3 14 S — e = B 14 e — L L b'*"*:
g 12k ! - ] 8 12 - o et -
s Tt T ] e
8 o6E i | 3 5 o6 E E
50 100 150 200 50 100 150 200

mH [GeV] my [GeV]

4th August 2016 A. Massironi (Northeastern University) CMS H>WW 12



HWW @ 13 TeV results CMS HIG-15-003

@ 2D un-rolled distribution based on mll/ mT" MET - trains of m, n mT“ MET windows
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Recent results @ 7/8 TeV

@ Characterization of the new boson
@ Spin tests
@ Anomalous couplings

@ Recent results:
@ Higgs width measurement
o Differential measurement p_"
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Higgs width

CMS HIG-14-032

@ Measurement of Higgs boson width by looking at the off-shell production

@ Simultaneous measurement of on-shell and off-shell Higgs cross section

off —peak
Voo sHVV

— 'y

on—peak

Ugo sH—VV

o WW and ZZ final state: I' <13 MeV

Details on coupling/width

in U. Sarica’s talk this afternoon
http://indico.cern.ch/event/432527/contributions/1071465/
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@ Differential measurement of Higgs
transverse momentum

o With MET resolution, but still p_ " good
observable

H
T

[fbo/GeV]

@ Result unfolded at generation level in
fiducial phase space

@ [nputs: measure the Higgs cross section
in windows of p ""*!
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Results

o 7/8 TeV H — WW characterization
@ Cross section
@ Different production modes targeted
@ Anomalous couplings
@ Higgs width indirect measurement
@ Differential measurement of Higgs transverse momentum
@ Some measurement still statistically dominated

@ 13 TeV search mode
@ Signal strength o/c,, = 0.3 + 0.3

@ More data — characterization at 13 TeV

@ Stay tuned for new results based on more data at 13 TeV
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CMS

CMS DETECTOR STEEL RETURN YOKE

Total weight : 14,000 tonnes 12,500 tonnes SILICON TRACKERS
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@ 2D shape analysis

@ Di-lepton invariant mass: m,

Final plot

@ Lepton + MET transverse mass: T

@ 7 bins in m H: 60 — 200 GeV [20 GeV width]

@ Sbinsinm,: 10-110 GeV [20 GeV width]

@ Unrolled 1D distribution
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The complete H-WW searches at 7/8 TeV

Z

ggH 0 jet

ggH 1 jet

VBF
/ H — WW 2 jet
H— WW 2 jet \

VH — WW 2 jet

WHH — WW
3 leptons

ZHH — WW — lvjj ttHH - WW
3 leptons 2 same-sign, 3 leptons, 4 leptons
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How significant is the excess at 7/8 TeV? %

Significance /
Obs Exp Y

combination 4.30 580 0.727%%

eu alone
0/1 jet

400 520 0.76 021
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Hunting different production mechanisms

CMS 490" (7 TeV) + 19.4 b (8 TeV)
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Signal strength vs Higgs mass -

-
CMS 4.9 " (7 TeV) + 19.4 b (8 TeV)20
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Candidate H » WW - uuvv

CMS Experiment at LHC, CERN

Data recorded: Thu Apr 19 09:14:14 2012 CEST
Run/Event: 191721 / 76089774

Lumi section: 111

Orbit/Crossing: 28960009 / 815

‘Compact Muon Solanoid
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Cross section
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Branching ratio
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Spin testing
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Spin testing

CMS X — WW 19.4 fo' (8 TeV) + 4.9 fb™" (7 TeV)
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Anomalous couplings
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19.7 fo (8 Te v ) + 5.1 b (7 TeV)

7))
o
5
|
2.
=
o
&
7))
=
S
=
=
o
=
<

////; M

N
0
_______________________________________ e

= @ © < AN o AN < © o« = U&M emm
—

32

ity) CMSH>WW

ni (Northeastern Univers

A. Massiro

4th August 2016



Couplings in k-framework
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Couplings results from HWW
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Rare channels: 31 (+2jet)
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p," response matrix

folding unfolding
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CMS

Higgs width distributions
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2015 analysis strategy

@ Signal phase space

Top 0 jet Top 1 jet :7.: Phase space to normalize the
: : backgrounds
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