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CMS currently is searching for the SM Higgs signal
in the mass region 100 - 1000 GeV.

Sensitivity in each channel depends on the

cross section and branching fraction, but what is

even more important - on background contributions,
which define how effective can we keep our selection
requirements | 300 400
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Main results

https:/ /twiki.cern.ch/twiki/bin/view /CMSPublic/PhysicsResultsHIG

May 2013 - 8 TeV VBF .H —bb HIG-13-011 115-133GeV ~ ~3
May 2013 -8Tev ~ ItH,H —yy  Hig13-.015 110-150 GeV ~ ~10
May 20137+8 TeV ~ VH,H —bb  HIG-13-012 110-135GeV =~ ~2
May 20138 Tev ~ H —WW — [vj HIG-13-008 200 - 600 GeV ~ ~2.5
May-2013 748 Tev H —>ZZ —212V HiG-13-014 200 -1000 GeV ~ ~3-4
April-2013 Combination HIG-13-005 120 - 130 GeV
Mar-2013 7+8 TeV H —vyy HIG-13-001 110-150GeV 05
Mar-20137+8 TeV =~ H —77 —4[ HIG-13-002 110 - 1000 GeV 0.2
Mar-2013 748 TeV H —WW —2[2v HIG-13-003 110 - 600 GeV 0.3
Mar-2013 7+8 TeV H —17 HIG-13-004 110-150GeV 0.7
Mar-2013 7+8 TeV H —Zy HIG-13-006 110 - 180 GeV 10
Mar-2013 7+8 TeV [ —WWW —3]/3y HIG-13-009 110-200GeV  ~3
Mar-2013 7+8 TeV VH —71t  HIG-12-053 110 - 145 GeV 4
Mar-2013 High mass WW/ZZ arXiv:1304.0213 145 - 1000 GeV




High mass region

= Major part of this talk is devoted to H125, but we
start from the high mass region - sensitive to the
Higgs line shape

Part of statistics: 5 + 5 fb!

CMS Vs=7TeV,L<51fb" \s=8 TeV, L<5.3fb" CMS Vs=7TeV,L<51fh" y\s=8TeV, L<53f"
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High mass region

= Major part of this talk is devoted to H125, but we
start from the high mass region - sensitive to the
Higgs line shape

Full statistics: ZZ 41 only 5.1+19.6 fb!

-
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CMS ys=7TeV,L<51fb" \s=8 TeV, L<5.3fb"
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Events / 3 GeV

CMS preliminary

H —7/7 —41

Golden channel - almost no background

-_ ¢ Data
m,, = 126 GeV
Zy, L

CMS Simulation

Vs=7To\er= 51fb!
Vs=8TeV:L=19.6fb"

—4u, m, = 126 GeV
L 0= 1.2GeV
- RMS = 1.7 GeV

O Simulation
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Four high-p; reconstructed
leptons, including taus for
high masses.

Very narrow mass peak,
Very high selection
efficiency:.
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Events / 3.0 GeV

Events / 2 GeV

Mass distributions
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Data are analyzed in
2 categories:

0/1 jet

2 jets and more

Predictions describe
the data well

Small excess in event
yield, within statistical
uncertainties

Z.1 mass reconstructed

for restricted 4l masses
range: 121.5 - 130.5

Events / 2 GeV

All Z1 reconstructed
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Kinematic Discriminant

Since the Higgs boson is spinless, the angular distribution
of its decay products is independent of the production
mechanism.

P, = f(m;,m,,0,,0, ®,0%0% m, )

Kp = Pg/ (Ps+Pyp),

using a matrix element likelihood approach

Background

CMS preliminary Ys=7TeV,L=51fb" ys=8TeV,L=19.6b"
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3D fit to m,, K and p(41)/m4l or linear
discriminant for VBF case
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Production mechanism and spin-
parity measurement

CMS preliminary \s=7TeV,L=51f"'\s=8TeV,L=196 fb"
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production comment expect (yu=1)
gg—+X pseudoscalar 2.60 (2.80)
gg¢ —+ X | higher dim operators | 1.7¢ (1.80)
gg—+ X minimal couplings | 1.8¢ (1.90)
qq — X minimal couplings 170 (1.90)
g9 —+ X exotic vector 2.80 (3.10)
qq — X exotic pseudovector | 2.3c (2.60)

2D analysis (Dy,,Djp) at mass 126 GeV

The distributions are examined with generated samples
of background and signal of
seven types (SM 0+ and six J¥) for my; = 126 GeV. Higgs Results §
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Cut- and shape analyses based on
transverse mass and missing energy

BSM interpretation of the results: search for

an EW singlet scalar mixing with the new boson,
Excluded for various widths and branching ratios
to new particles
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CMS Experiment at LHC, CERN

Data recorded: Sun May 13 22:08:14 2012 CEST

Run/Event: 194108/ 564224000

Lumi section: 575
Two high-p; photons required with narrow
mass distribution at the prompt diphoton

spectra

The events are separated into classes based on their
mass resolution and signal to background ratio.
Individual results combined in a simultaneous

statistic treatment of all event classes.

MVA is used for the photon
identification and vertex
determination

(cut-based analysis is used
as cross check)

CMS Preliminary

45*3* Simulation Y Simulation

BDT,, >= -0.05 Muon Tag
Parametric model

G, = 1.85 GeV

FWHM = 3.57 GeV




meeevensae DIPHOtON MVA score

discarded from the

lvsi
analysis MVA

- Shower topology variables ;

- PF isolations ;
- Shower shape variables
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Polinomial of orders
2 to 5 are used to describe
background shapes
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CMS Experiment at LHC, CERN

Data recorded: Thu Nov 1 02:13:01 2012 CEST
Run/Event: 206446 / 1072391444

Lumi section: 784

Two analyses optimized for
leptonic and hadronic tt decays

(tt —bbqqlv)(H —>Yy)
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No significant excess [ Expecied= 2o
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mass spectra over the
background
expectations.
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CMS Preliminary, \E 7-8 TeV L 24 3 fb Hortt
[T T T T T T h :
5><H(125 GeV)—m:

E.%isf?e" Different categories in number
I clectroweak

= oo of jets 0, 1 and VBF and in
B bkg. uncertainty
four lepton flavors.
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 — Ny

C—J acop

X
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—_
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m_ [GeV]
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Normilized distributions of
the SVFit mass obtained from
the MC simulation

To perform this measurement CMS developed very efficient tau reconstruction algorithm
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5.0 CMS Preliminary, Vs =7-8 TeV, L=24.3fb", H > 1t CMS Preliminary, Ys=7-8 TeV, L=24.3 fb™, Ho1t
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CMS Preliminary, s = 7-8 TeV, L = 24.3 fb™! 1 CMS Preliminary, ys=7-8 TeV, L=24.3fb", H> 11
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WW —2[2v

The analysis is performed in 0, 1 and 2 jets categories,
for Same Flavor leptons (cut-based) and Different Flavor (m; and m, shapes)
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2D shapes my vs m;, are used
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WW —2[2v

This channel has relatively poor mass resolution - presence of H125 effects
also higher masses - to take this effect into account the H125 is considered
as background at higher masses

102

— observed CMS preliminary-
-- median expected H— WW — 2I2v (shape-based)
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WH —WWW —3[3v

F T ) Events are selected with 3 high p; leptons

;0- data 2z CMS preliminary
[— m=125 [ fakes e and MET

. WZ Vs=7+8TeV 3 Backgrounds from Z, WZ and top events are
i ] vetoed
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H —bb(VBF)
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VBF production, followed by bb decay, 4 jets in the final state qgbb, dominant
background is QCD. Signal - the only color connected region is bb

- select 4 jet events ;

- 2 b-tag jets ;

- Artificial Neural Network to separate from background - subdivided in categories

Shape of the m,, is used.
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2 central b-jets and a W or a Z. Major backgrounds are V+jets,
top+X, VV

BDT shape analysis.

An excess of events is observed 2.1 standard deviations
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{s=7TeV,L=5.0fb"’

{s=8TeV,L=19.6 fb"
Electron + muon channels

—&— Data

—— Background Model
—— Signal m, =125 GeV x 100

-0 Search is performed in 4 categories
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No access is found
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Properties

\s=7TeV,L<51f"' \s=8TeV,L<19.6fb" CMSP@WWWW|S=7EMLS5ﬁ§WFi8EM}§1%6@4
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CMS Preliminary m, = 125.7 GeV Ho 1
=065 H - Ww
H—ZZ

H bb
w=1.15+0.62 : H=bb

pSM

H— vy

H—o 1t
uw=1.10+0.41

H— vy
n=0.77+0.27

H—> WW
n=0.68%0.20

H—oZZ
n=0.92+0.28

Compatibility of the observed states
with the SM using signal strengths in
the

080=0.14 gluon-gluon-fusion-plus-ttH and
VBF-plus-VH

Measurements of the signal
strength in all channels
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Partial width is proportional to effective
H couplings
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Deviations in the couplings in
different models

{s=7TeV,L<51f" Vs=8TeV,L<19.6b" {s=7TeV,L<51f0" \s=8TeV,L<19.6 0" {s=7TeV,L<51f" Vs=8TeV,L<19.6fb"

CMS Preliminary W 68% CL CMS Preliminary i 68% CL CMS Preliminary = 68% CL
w— 05% CL N Q5% CL w—095% CL

+
—*—
. p =0.37
—*—

Pg,, = 0.41

P, = 0.39

Py, = 049

P, = 023

p. =052

SM

Pg,, = 0-41
|

1 1 | 11 1 1 1 1 1 1
1.5 2 25 0051152253354455
parameter value parameter value parameter value

Summary of the fits for Summary of the fits for Summary of the fits for

deviations in the coupling deviations in the coupling deviations in the coupling

for the LHC XS for the generic six-parameter for the generic

WG benchmark models model including effective five-parameter model not
loop couplings effective loop couplings.

The current data do not show any statistically significant
Anomalies with respect to the SM Higgs boson hypothesis.
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Conclusions

A boson signature we observe at 125 GeV in many channels has properties consistent
with the SM expectations.

The Standard Model

Fermions Bosons

Source: American Higgs*
Association for the bocon

Advancement of Science;
The Economist *Confirmation just announced

With more luminosity expected after shut down we will be able to perform more precise
measurements and to better explore different decay channels and production mechanisms.
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