Higgs boson measurements
in ZZ to 4 leptons channel with CMS
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In next 15 minutes ...

e Go trough the HZZ4l, ak.a. “Golden channel”

e See several details of the analysis
e Measure the Higgs mass ...

e ..and its Standard-Modelicity

[ Results briefly presented by Marco Pieri on Tuesday ]

[ All based Moriond analysis CMS PAS HIG-13-002

N/
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Setting the scene

e Search for the narrow peak in 4l mass spectrum on top of a small
flat background - excellent energy resolution channel

e Small number of events expected - large initial background

* Requires max. signal efficiency (€') and background rejection

CMS Preliminary {s=7TeV,L=51f";ys=8TeV,L=19.6f"
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Setting the scene

CMS Preliminary fs=8TeV,L=5.26fb"
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Plot is shown for ~1/4 of 2012 CMS integrated luminosity
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CMS

Analysis strategy '-

e Rely critically on excellent measurements of leptons down to very low pT
e Reducible background (Z+jets, tt)

e Reduce using isolation and impact parameter requirements
e Estimate from data in carefully selected control regions

e Irreducible background from simulation

e Use jet multiplicity categorization to enhance production mode
sensitivity

e Profit from the decay kinematics with kinematic discriminant
e Perform statistical analysis using multi-dim PDF's

e P-value, mass measurement, spin-parity
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e Muons

e pl>5GeV, In| < 2.4

e Electrons

e pl>7GeV,|n|<25

(e Photons for FSR

i pT > 2 GeV, |r]| <24
e AR(Y, lepton) < 0.5 and isolated

-

(o Jets for categorization

i pT > 30 GeV, |I’]| <47
\ °* LoosejetID MVAPU jetID

Typical jet

Pileup jet

J
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Muons

e Using particle flow muon ID

e Exploiting full detector information for high efficiency with maximum
fake rejection

e Particle flow isolation - powerfull against red. background
e Using avarage energy density PU corrections

e Impact parameter significance(SIP)

/ EfflClenc:|es and data/MC corrections \
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Electrons

e EM energy derived by MVA regression (BDT)

e energy scale correction from Zee

BTD ID trained on Z/Vy’ electrons

e PF based relative isolation

e Using p PU corrections

e Impact parameter significance(SIP)
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Inclusive selection - 4| candidates

-

All leptons after ID/Iso/SIP cuts

o OS/SF higest sump: 12 <m, <120 GeV

o Supress QCD withm, >4 GeV on OS pairs

.

e OS/SF nearest to Z mass: 40 « m,, < 120 GeV

Any two leptons with p»20/10 GeV

e FSR photon recovery on each Z before cuts

\

/

Efficiency
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Spectrum of m, - full mass range

CMS preliminary

s I |
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In m4l [140 - 10001
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/

ZZ continuum from

(GG272)
.

theoretical cross-section of
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~

J
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Spectrum of m, - low mass range

L=51and 19.6fb"'at ys=7 and 8 TeV

CMS preliminary
20 _I I
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[ A double Crystall ball ideogram drawn for each event including the event error. ]
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Anatomy of the excess

CMS preliminary Vs=7TeV,L=5.1fb" Vs=8TeV,L=19.6fb™
0
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Jet categories - couplings

Events

e To gain sensitivity to VVH and ffH couplings (/yand /1) we split events into two

mutually exclusive categories:

4 N I
ad o o 144
Category | - “di-jets Category Il - “untagged”
« More than 2 jets (p, > 30) « Remaining events
o ~20% of signal is VBF » 5% of signal is VBF
. /L %
e Adding another dimension to the analysis to separate the production mechanisms
V_ (VBF discriminant) | [ T,/m, in range m <180 GeV ] [ Untagged ][ Di-jet ]
A ) (Pla/My 9¢ M, '1 5% VBF  Ji 20% VBF
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Kinematic discriminant KD 3

o An additional dimension to profit from the
kinematical differences between Higgs boson
decay and ZZ backgound - K_

o Builded using Matrix element methods p

%
P, P...(m,,m,, & |my,,)
sig bkg 1544425 4¢
=5 p |
o —
sig bkg
P (m;,m,, £ |m,,)
CMS preliminary Ys=7TeV,L=51f" ys=8TeV,L=19.6f" 1 CMS preliminary Ys=7TeV,L=51f" ys=8TeV,L=19.61"
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Significance of the excess

e PBuild a factorized 3D model:

e Category I: P(m,, K,V) = P(V |m,) x P(K |m,) x P(m,)

4 4l

K, p/m)) = P(p/m,|m,) x P(K,Im,) x P(m,)
[ Binned 2D MC templates ] [ Unbinned m, model ]

e Category Il: P(m

4

Q} -1 E T T T T T T
3107 ° E
o 10‘2% ‘ E Expected | Observed
1 10-3
310_4§ é 3D (ma, K, Vo or pr/mai) 720 6.70
8 10-65 . ; é 2D (my, Kp) 690 6.6 C
10 .k L NEg
10% Ay é o 1D(ma) 560 47 0
1 0- I::I 3 Observed m, ] :
10° -1 Oserved m, K, - [ Values at the minimum of p-value m =125.8 GeV ]
1 0-1 0 'I‘ i Observed m,, K, p_/m, or V,
10.11 'ql ) R Expected .
10-12 I.E.\ ""‘ CMS Preliminary _, /0
1013 3 HoZZ—4l o o
10714 W Rt Lt This is the only significant excess
- Ys=8TeV,L=196f" ! o
10708 TR, in the range up to 1 TeV
10 [ L1 11 .| L1 1* 1 | I I L 111 L 111
110 120 130 140 150 160 170 180

m, [GeV]
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Signal strengthag/o_,

e Results around the best fit mass m_ =125.8 GeV

alog, =093 f1,(qqH.ZH,WH) = 1.0 33
prlggH, ttH) = 0.9 .,

Reminder:
ICHEP: U =0.7+0445 @ mpy = 125.6 GeV
HCP: p=0.80*03"028 @ mn=125.8 GeV

\s=7TeV,L=51f" \s=8TeV,L=19.6fb" 12 CMS Preliminary Vs=7TeV,L=5.1fo" Vs=8TeV,L=19.6fb"
CMS Preliminary m,, = 125.8 GeV i L
10F MeswcL
8- [leswcL
6k * best fit e
B L SM ’
41 S ~
Untagged . o -
of -
-2F =
Dijet tag - -4 - E
-6 :_ : _:
L | L L L 1 | 1 1 L 1 | L L 8 : L ool l | 1 L Ll ar :
0 1 .2 -1050051152253354
Best fit o/o,, u

F
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Event-by-event errors on 4l mass -*

e Added as another dimension to 3D fit when measuring mass

e Perlepton uncertainties:
e Electron: weights from comb. momentum and the track fit for the angles
* Muons: full covariance matrix from the track fit

* Scaled in pT/eta bins to match Z (J/{) measured widths

o

Propagated to the dm, using full covariance matrix

/ Resolution predicted from the per-lepton

uncertainties vs measured resolution

CMS Preliminary Vs=8TeV,L=1961fb"

o
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o
o
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o Z—up simulation
0.04F
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Mass measurement

-2AInL

CMS Preliminary =8TeV,L=195% "
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Spin-parity measurements

e Analysisin 2D (D

i

D) plane:

D = [1 + Cjp -
-

Discriminator D, to separate alternative J°
hypothesis from SM Higgs hypothesis

M (7)) 2 ]‘1
|MHiggS(ﬁ£)|2

~

/

from backgrounds
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.
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Spin-parity measurements
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JP fit - CP violation test

e Spin-0 boson general decay amplitude:

A=vlel'ey’ (a,g, mp+a,q,q, +236,,,9195) =A;+A,+A,

e A dominates for SM Higgs (0) and A, for O

e Presence of both amplitudes indicates CP violation

CMS Preliminary Vs=7TeV,L=5.1fb"\Vs=8TeV,L=19.6fb
j‘ 3 1 1 I | 1 I I_'_|_|_ | I 1 ] *

L W
2A InL

10

(" Fraction of CP violoting\

contribution:
|A;?
a3—
|A 1P +]A;]?
\_ /
CI\:’IS Fl'rel‘iminargf . \f§=7‘TeY, LI= 5.1 fl‘:'1;y§=|8TeV,|L=l19.‘6fb'1_
L Ih
: — CMS Data / :
I Expected |
i ] +0.23
I ] [fa:, = 0.0 -o.oo]
|0.4‘ | IO.G‘ | I0.8I - 1
fa3
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Summary

/ \ % :]1E‘ F“MWH C:MSPr.e\i;]nary m;:12’5.;Ge‘V
= 102E S

Results from the H—ZZ—4l analysis with full | £ )

dataset 5.1 fb-' (7 TeV), 19.6 (8TeV): ‘—5% D sl N

. oo 8 W —s e | [ m,=126Ge

« 6.7 (7.2) s.d. observed(expected) significance 1035 =R LS

.olo,,, =0.9%23 e e r—
\ / 10" 516"720 130" 14 10 1 ",‘: Best it o/o

S A D oM A O ® O N
T (MARNRS SRR °
H =

T T T

WeswcL

[CeswcL
® best fit

t SM

* ity (qqH.ZHWH) = .05 Tu
e 11-(ggH, ttH) = 0.9:33
em,, =1258 + 0.5(stat.) + 0.2(syst.) GeV

* 6 spin-parity hypothesis tested S
* no CP violating contribution / :
122 124 126 128 m, (1(:;2\/)

/ \ 0™ 900 200 400 300
H—>ZZ—4l properties measurements: -

/
All the measurements in H=ZZ—4l| indicate the
high Standard-Modelicity

of the observed boson

-

J
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Back-up: Systematics

gg partonic luminosity 7.5-10 0-10
qq partonic luminosity 22-47 045 0-5 5
QCD scale (ggH) 8.7-10
QCD scale (qgqH) 0-1.5
QCD scale (VH) 0-0.75
QCD scale (ttH) 0-8.3
Uncertainty on BR(H) 2
QCD scale for ZZ (NLO) 2.6-6.7
QCD scale for gg 24-44
Electron Scale 0.1-0.2
Muon Scale 0.1
Electron/Muon resolution 20%
Electron Efficiency 2.5-5(4e) ,1.7-2 (2e2p)
Muon Efficiency 0.5-5(4p), 0.2-2.2(2e2p)
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