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CMS Experiment at LHC, CERN

Data recorded: Thu Oct 13 03:39:46 2011 CEST
Run/Event: 178421 | 87514902
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CMS Experiment at LHC, CERN
Data recorded: Mon May 28 01:35:47 2012 CEST
Run/Event: 195099 / 137440354
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= Outline

A Observation of a new state with mass df25.8 0.6
GeV

I 5.0s excess observed, 5.8 expected.

I Consistent with SM prediction
A More data and more studies needed to draw final conclusions

i HIG12028, arXiV:1207.735, Phstt. B 716 (2012) 3l
A The CMS experiment at LHC and data taking in 20

A SM Higgs boson search
I Decay modes with high mass resolution
I Decay modes with low mass resolution

A Results and combination of the searches
A Conclusions
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-~ CMS:a simple and elegant concept

Key: om Im~ :.r-_n m 4m 5m &m im
¥ oS (E)E ~ 3%/QE) [GeV] A0.3%
Electron

Charged Hadron (e.g. Pion)
— — — - Neutral Hadron (e.g. Neutron)

---- Photon

®

4T

s(p7)/p~15% at 1Te

Silicon
Tracker

. Electromagnetic
}! I ' Calorimeter

Hadron Superconducting
Calorimeter Solenoid

Neutrinos Omeasuredot hrough "fumyokipertpege

with Muon chamber:

Transverse slice ) i )
through CMS transverse energy (E{™'%) in calorimeters.

t -] T = T ] < -3
T By, CERM, Febriomey 2004

Fast detectors: 25%0ns bunch crossing
High granularity: 2640 overlapping complex events
High radiation resistance: >10 years of operation

PPC 2012 - KIAS - Nov
5th

S P1)/p:<1% @ 100GeV
S P1)/p:<10%@1 TeV
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Total weight 14000 t The CMS Detector

Overall diameter 15 m gcaL?6kscintillating
PbWOQO, crystals

Overall length 28.7 m N MUON
HCAL Scintillator/brass ENDCAPS

Interleaved ~7k ch 473 Cathode Strip Chambers (CSC)
. 432 Resistive Plate Changhbers (RPC)
3.8T Solenoid

Si Strips ~16 m'
"~ ~137kch

Steel + quartz
Fibers ~2k ch

Pixel

Tracker Pixels &racker
APixels (100x156m2)
ECAL ~ 1 A~66M ch
HCAL ASi Strips (86180nm)
~200 n?~9.6M ch
Muons " MUON BARREL
Solenoid coil 250 Drift Tubes (DT) and 4

480 Resistive Plate Chambers (RPC) 4



The CMS detector

=88 3.8T Superconducting |
p=—==y Solenoid

N Hermetlc (In|<5. 2) Hadron
Calorimeter (HCAL)
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- Detector operations in 2010-11-12

Excellent performance over the three years.
Data taking efficiency always higher than 91%
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Record efficiency achieved in 2012 despite the most challenging condition:
Instantaneous luminosity higher than 7.5x1033cm-2s-1
Typical yields of physics quality data: 90-95% of the recorded data.
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LHC: going strong

CMS Integrated Luminosity, pp, 2012, Vs — 8 TeV
Data included from 2012-04-04 22:37 to 2012-10-23 17:21 UTC
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Particle Flow (global event description)

A Rely on high granularity of CMS detector to identify and reconstruct
each individual particle in thevent in an optimal way.

. ‘M HCAL :
- Clusters ;
hadron A HH detector
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: © = Y
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fa Clusters
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| Tracks Y/
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A Allows tagging of charged particles from pileip: minimize impact of
PU on jet reconstruction, and lepton or photon isolation

I Charged particles well separated in large tracker volume and 3.8 T magnetic
field

I Excellenttracking, able to go to down to very low momenta (~100 MeV)
I Granularelectromagnetic calorimeter with excellent energy resolution

I Inmulti{et events, only 10% of the energy goes to neutral (stable) hadrons
(~60%charged ~30% neutradlectromagnetic)




— Electron/photon reconstruction and identification
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A Cluster reconstruction in ECAL Common for both electrons & photons.
Designed to collect bremsstrahlung and conversions in an extended phi region.
Energy spread in f due to brems (E->4 GeV)

A Dedicated track reconstruction for electrons Gaussian Sum Filter allows
for tracks with large curvature due to brems and enables hit collection up to
ECAL; ECAL-seeded reconstruction complemented by a tracker-seeded
reconstruction to gain efficiency at low p+

A Energy scale and resolution

AExtensive control at t €eefdlow @aelectrorsh d
PPC 201XIAS- Nov 5th Javier Cuevas, University of Oviedo 12
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A Multivariate electron identification in 2012

Electron reconstruction and identification
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Photon Energy Corrections, Scale and Resolution

A ECAL cluster energies corrected using a MC trained multivariate regression
Improves resolution and restores flat response of energy scale versus pileup

Inputs: Raw cluster energies and positions, lateral and longitudinal shower shape
variables, local shower positions w.r.t. crystal geometry, pileup estimators

A Regression also used to provide a per photon energy resolution estimate
A Energy Scale and resolution: use Z- e*e-

Events/0.2 GeV

I O N L
1400:_ C::g:;:liminary
C L=531b"

1200—

1000;

800;

600;

400;

200f—

Non converted photons in the barrel |h|<1

PPC 201XIAS- Nov 5th

II\\l\IIl_

— MC smearea
—e— data

E .Es
100
M., (GeVic?)

Javier Cuevas,

Events / 1 GeV

120

100

80

60

40

20

x10? - ‘
- CMS Preliminary 2011, 7TeV L—
L - 1 i SuperClust
L=498f Jl e
B il ey
~ ECAL barrel 1
: i . | .
60 120
M., (GeV/c?)

Effect of the regression on the Z->e*e-
peak

14

University of Oviedo



- Progress in ECAL calibration

July 2011 March 2012 July 2012
EPS Moriond ICHEP
FWHM/2.35 = FWHM/2.35=  FWHM/2.35 =
1.80 GeV (1.50%) 1.40 GeV (1.17%) 1.35 GeV (1.13%)
‘:\ i CMS preliminary 1 CMS preiiminary f CMS preliminary
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For the golden categories, both photons in the barrel and no conversions:
FWHM/2.35=1.04GeV (0.87%) approaching the nominal value.
Still room for improvement.
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= Muon reconstruction and |dent|f|cat|on

A PF Muon Identification in 2012 _§1_OO: : |
i Exploit information from all subdetectors Sl . ;
: .. 2 Efficiency is stable -
A High efficiency >96% for p;=5 GeV; >99% for g nhighPU |
p=10 GeV; sod environment |
I Exploit also tracker-based muon ID : :
0.92- -e-Data, 2012 ||
I Important for H->ZZ->4l : Bl simustion | ]
.- . . 0.90- CMS Preliminary, ys =8 TeV ]
i Efficiency controll ed RTINS P T
-~ [ — IR Number of vertices
é 1__'—; $ = o AR RARRN RRRE RARRNRARES RAN
O I S
ol I [ SRR
£

' ' = 5 5 0.981 .

Tlght?r qual.lty & osfJ/Y - mm 7. mm " 2. .mm
criteria applied : f 0961 ]
In some analyses T PR 0941 ]
to further suppress ~Dan 201z | o2l B
. L] S|mulat|0n | - P simulation |
reducible baCkgroundS I | CMS Preliminary, is =8 TeV | 0901 cus Priminary xF oTeV. ]
N reme e e - ovsPrimnan 5=8TeV - .
567810 23“1336? (GeV/gim 20-15-1.0:05 0.0 05101rr?ug|9m
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Particle-based isolation

A created by summing energy deposits from individual particles in DR=0.4 cone
around the lepton

Aavoids double counting of the energy deposit in the calorimeters from charged

particles

A Pile-up contribution:
A Negligible for charged hadrons from vertex
A Neutral contribution corrected using the average energy density, r from the pile-up

and underlying event.

background efficiency

CMS Preliminary Vs=8TeV, L=5.1 fb
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Isolation Efficiency
is stable in high PU
environment
(important for
higher lumi runs in
the future!)

Det Based vs PF Based
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Jet Identlflcatlon

5 1/fb 8 TeV. CMS Preliminary
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Typical Pileup jet 20 40 100
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| i VBF N Validation on data: jet counting Iin
mportant in searches Z. 1 tevents vs vertex multeplicity.

Stable to <1% for jet> 20 GeV

A Pileup jets structure differs wrt regular jets:

A Pileup jets originate from several overlapping jets which merge
together

A Likelihood grows rapidly with high pileup
A discriminant exploits shape and tracking variables
A discrimination both inside and outside tracker acceptance
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Jet Energy Correction Uncertainties
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u the contribution of different uncertainty sources depends on pt and n

® total uncertainty of the jet energy scale is close to 1% for |n| < 2.4
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Missing Energy Resolution and PU

MET resolution for different Npy, is fitted with:

.2

the fit yields:
c :average resolution without PU
opy - degradation in resolution caused by PU

Npy
0.7

" JpU

improved resolution in 2012 for fixed Npy

® improved ECAL/HCAL energy
reconstruction

= reduces out-of-time pileup effects
® MET pile-up corrections applied
pile-up introduces an additional smearing of

~ 3 GeV on MET resolution opyj (in quadrature)

PPC 2012 -
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= Tau ldentification

A Tau identification:

A Searches for major t decay modes within PF jets. iviainly hadron “ad@,ﬂ,tit_r,@,_ 3 hadrons
t decaying to 1 or 3 charged hadrons. 1y
A Photons/Electrons clustered in strips to reconstruct p°
A Discriminating variables computed on reconstructed t
object.
A Tau isolation:Multivariate discriminator using
sum of energy deposits in dR rings around the t . Tau ID + Isolation efficiency
L shuno ARy L AR ’ CMS Simulation, \s=7 TeV
> ! - S
— 24 -CMSZOH 2012\s T-B‘I'Ie\l" L= 1IJfb 2 0 ;_ z_bTT: Mc —:
3 ez 5;’5’1; e S _% 09" Gen Il <2.3 ;
g =i & F
2 1l 1 0.7 ik A A Ay ]
T aF L r *3"" :
1o 0.6 ugeveeeee® o o & 0
08 f F “. ]
0z | 0.45 ]
*%9 100 200 rm:ﬁ.{t:gew Poo™ 200500 a00 :fi [GeS;’D 0_32_ ® HPS Loose Comb dp _:
. ‘ 02; B HPS Med Comb dp _f
( E"l-'h visible Mass } [ ZZ- lkvv invariant Mass ‘ 0_15— A HPSMVA Loose —i
.. . ) T B N P P BT
70% efficiency with 5% fake! % 20 30 40 50 60 TO(GB%)
A : ~ nt.
tbs i n CMS have Dbecome nnormagfoprep
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Top mass

CMS average: 172.6+ 04+ 1.2 GeV

Lepton+jets:
CMS-PAS-T

m+Jets analysis
CMS-PAS-TOP-11-015

Dilepton:

CMS-PAS- . : :
~1.3 (syst) GeV including color reconnection

Effect of the underlying event expected to be small
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