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Introduction LHC

Data: pp collisions at /s =7 TeV and /s = 8 TeV.

CMS Integrated Luminosity, pp

Data included from 2010-03-30 11:21 to 2012-12-16 20:49 UTC

m— 2010, 7 TeV, 44.2 pb '
m— 2011, 7 TeV, 6.1 b
— 2012, 8 TeV, 23.3 b '

®e LHC excellent performance in
2 2011 and 2012 data taking

L0 JLdt =25/ at\/s=TTeV
and /s = 8 TeV
@ Peak Instant Luminosity:
, L=77x10"%cm !
j/_é o Excellent performance during
o NP o 0 ot o o o ® 2011 and 2012.
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CMS

@ Multi purpose experiment

@ Data efficiency recording (used for analysis) > 90%

@ Robust Muon system, lead tungstate crystals used in the CMS ECAL.
@ Global Event Description with Particle Flow Algorithm
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ron return yoke interspersed
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Transverse slice
through CMS

"D Bacer, CERN, Febranaey 2007
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Pile Up (PU)

@ Due to the increase in luminosity, more than one collision happen during
a bunch-crossing in the LHC, this is pile up (PU).

@ 2011 average PU ~ 10, for 2012 average PU ~ 20.

@ Particle flow algorithm helps a lot in high PU events.

Challenges for event reconstruction with
high PU.
@ Less energy resolution for e and
@ Energy from underlying events added
to isolation cones.
@ Central jet veto and VBF jet tagging
affected.

e For LHC Run-II at /s = 13 TeV in
2015 are expected PU =~ 40.
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Higgs production modes

Higgs Physics
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Higgs Decays, branching ratios
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LCC_ 1 part, = 2x 1073,
i however is the channel
- with the best mass
10 3 resolution and one
with the highest
T sensitivities.
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Higgs Physics

An event display, m,, = 1259 GeV

CMS Experiment at the LHC, CERN
Data recorded: 2012-May-13 20:08:14.621490 GMT
Run/Event: 194108 / 564224000
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Analysis

Strategy

The Background

@ Irreducible:
7 from QCD

@ Reducible:
vy+jet with 1 +
fake ~.

QCD, 2 fake ~’s.

DY, electrons
faking ~.
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Analysis Strategy

The event selection

L1 Trigger: L1 DoubleEG 13 7 OR L1 SingleEG 22
High Level Trigger selection:

@ 194 HLT Photon26 R91d85 OR Calold10 Iso50 Photon18 R91d85 OR
Calold10 Iso50 Mass60 v5 OR

@ 195 HLT Photon26 R91d85 OR Calold10 Iso50 Photon18 R91d85 OR
Calold10 Iso50 Mass70 vl OR

@ 205 HLT Photon36 R9Id85 OR Calold10 Iso50 Photon22 R91d85 OR
Calold10 Iso50 v5

There are two independent offline event selections in H — -y

o MVA:Multivariate analysis. based on isolation, shower shape and
electron rejection.

@ CiC: Cut base optimization in different Categories with different

background levels, barrel/endcap and converted/unconverted identified
with shower shape in ECAL.
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Analysis Strategy

Mass resolution and vertex id

; r CMS Preliminary
&S 4%* Simulation Simulation
o [
S BDT,, >=0.91
> Al Parametric model
2 2
< .
[}
> .
wot G, =1.36 GeV
1.5—
r FWHM = 2.99 GeV
1=
0.5—
L ‘ T A
{: 5 110 115

40
m,, (GeV)

Calibration done with:

e Z — eeand 10 — vy

)
oW —ev | —
p

@ Laser corrections itransparencv)
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y cluster
?& ECAL
'\‘ .‘
AN
\ mistake .
in ny :1.3m
\.“ \ :
correct vix', . PU vix V

beam spot ~ 6cm

@ Primary vertex identified with
tracks from recoiling jets and
underlying events.

@ 80% good identifications with
high PU.
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Analysis Strategy

BDT Tree
« x10% M 53 DiphotonJets + Photonyets + Didets /Data {5 =8 TeV L = 19.62 f'
P E———— 2 e
e ro= ) —— Prompt-Fake
“ L = \:': z === Prompt-Prompt
& 201 g 10 Shapespomates 2 B 10 Shape Systematics
Q>) [ 3 cat3 I Cat2 lat lLat 0
5 of 5 <
# 190 | |1
N | |1
ok L0
[ | |1
L | |1
C | |1
N | |
= 1
0.5 1.0 0.5 1.0
di-photon BDT di-Photon BDT

@ 4 categories.

@ The input for the BDT: Kinematic information, Photon Id classifier,
estimated mass resolution.

@ Additional categories for vector boson fusion and and associated W,Z
production.
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Analysis Strategy

H — v exclusive channels VBF

In order to profit specific production processes the background could be

reduced by putting stronger cuts in the event selection.

CMS,

<

N T e
2 \"-‘ s Wi : - !
I aas A My, = 121.9 GeV
mjetjet — 1460 GeV

OMS Experiment at LHC, CERN
Data recorded: Mon Sep 26 20:18:07 2011 CEST

Run/Event: 177201 / 625786854
Lumi section: 450

e For VBF two energetic jets.
e For W,ZH [+MET tag to address: W — lv,Z — vv and Z — Il.
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Analysis Strategy /s =8 TeV categories

/s =8 TeV categories
BDT cat 0 BDT cat 1
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Analysis Strategy \/5 =8TeV categories

/s =8 TeV categories

BDT cat 2 BDT cat 3
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Analysis Strategy \/5 =8TeV categories

/s =8 TeV categories
Tight Di-jet Tag Loose Di-jet Tag
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Analysis Strategy /s =8 TeV categories

/s =8 TeV categories
w Tag e Tag
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Analysis Strategy /s =8 TeV categories

/s =8 TeV categories
MET Tag
—_— —— .
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H — ~~y results p-value

H — ~ results, p-value

CMSNs=7TeV,L=5.1fb" \s=8TeV, L= 19.6 fo’
T 3

% 1§|||v\\\\||v T T T g
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: o . s === Exp. for SMH ‘:40 05:_“‘
10-5? CcMS preliminary (MVA) NS =BTV _§ '1;
110115120 125 130 135 140 145 150 1.5
m, (GeV)
>‘|210 115 120 125 130 135 140 145 150
o Largest excess at my ~ 125 GeV my (GeV)
o signif. = 3.2¢0 @ Consistent results with CiC.
@ expect. — 4.2¢0 @ The Higgs is still there!
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H — ~~y results mass

H — ~7 results, mass

@ my is not predicted by
theory

o All predictions for SM
fully determined once the
mass is know

@ The first precision
measurement of the
properties of the new
boson

@ my=125.4 + 0.5(stat) £
0.6 (syst) GeV
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H — v results, width

LLEN)

001
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Higgs mass in GeV/ic®

@ SM prediction:
'y =4 MeV,
measurement limited by
experimental resolution:
o I'y <6.9GeV, 95% C.L.

@ (expected 5.9 GeV)
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For the future

For the future, tt H
C\MS CMS Experiment at LHC, CERN
iy i Data recorded: Thu Nov 1 02:13:01 2012 CEST
~ X Run/Event: 206446 / 1072391444

\

- \ Lumi section: 784
T | ) l
= -

@ Not yet part of the overall estimation
@ Requires b-tagging and large jet multiplicity
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For the future

Spin
CMS Preliminary \s=8TeV,L=19.6 fb"
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@ Clear prediction of the Standard Model: Higgs boson is a O spin state
@ The spin is not yet measured, different hypothesis are being tested.
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Conclusions

Conclusions

@ The CMS H — ~y strategy has been presented.
@ Results with the full dataset 2011-2012 /s 7 Tev and 8 TeV for the LHC

Run-I:

p-value: 3.2 o

mass: my=125.4 + 0.5(stat) &= 0.6 (syst) GeV
width: I'y < 6.9GeV, 95% C.L.

spin: (Compatible with spin 0" hypothesis)

my is the first precision measurement
Uncertainties mostly dominated by statistics.
The tests for the SM predictions have begun.

More to come for the next years.
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Conclusions

Web references

o All CMS Higgs Public results
https://twiki.cern.ch/twiki/bin/view/CMSPublic/
PhysicsResultsHIG
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Backup
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Backup

Lepton momentum scale
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e v energy reconstruction stability

CMS Prliminary
V=TVl =196m0"

oy VIXS=13
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