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Machines of the Past

* Super-pp-Synchrotron (CERN) .
- . UAT1 + UA2
- pp collisions o e
- C-0-m energy up to 450 GeV Nn )

- legacy : discovery of Wt , Z
— Noble prize in physics
- C. Rubbia
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 PETRA (DESY)
- ete” collider; c-o-m energy up to 38 GeV
- legacy : discovery of gluons

- HERA (DESY)
- ep collisions (E,=28 GeV, E;=900 GeV)

- legacy : precise knowledge of proton
structure




Machines of the Past

 Large Electron Positron collider

- ete™ collisions @ 91 GeV (Z peak) - 209 GeV ?’*é‘ L ‘ \-L;':ilél-zllocev
* LEP legacy E :
— precise electroweak measurements O [ T Peerer sckground
at Z peak %"10 g —,
- tested SM with high accuracy
- lower bound on m, > 114 GeV }
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Why LHC ?

* High energy reach: pp@ 7 - 8 —» 14 TeV
- high mass reach for “hunted” particles (Higgs, SUSY)
- higher signal cross sections
 High luminosity ( design: L = 103¥# cm?s!)
- large statistics
- more compelling evidence for signal
* Inherits LEP tunnel
- reduced construction cost
* Run by CERN Accelerator division

- expertise in accelerator physics, cryogenics, detector
physics, ...

* Located at CERN
- international project
- participation of many institutes from many countries
- competent outreach policy







LHC in Numbers

e Circumference : 27 km
LHC « Dipole magnets : 1,232
* Quadrupole magnets : 932

* Proton beams : sequence of
bunches: 2,808 bunches / beam

« 11,000 revolutions / second
* Bunch separation : 25 ns

LHC accelerator complex

 Proton (Pb) linac -» 50 MeV
* Proton Synchrotron Booster - 1.4 GeV

- bunch collision rate : 40 MHz
« ~ 100 billion protons / bunch

« Design luminosity : 103 cm? sl
* Proton Synchrotron -» 28 GeV

* Super-proton-synchrotron -» 450 GeV \/g =8 TeV mpyg = 125 GeV
- Large Hadron Collider —» 8 TeV O'(pp SN H) ~ 20 pb

- at what rate Higgs bosons
http://www.cern.ch/lhc are produced?




LHC Machine Performance

CMS Total Integrated Luminosity, p-p

(M‘v 2012 certified
‘Golden’: 5.19 fb* (85%)
2010, ys =7 TeV

e 2011, {5 = 7 TeV Muon: 5.62fb*(92%)
—— 2012,]’;:31’9\!‘

o
¥

Total Integrated Luminosity (fb)

Time in year

Peak luminosity in 2012
L= 740*3cm?3s*

steady performance of LHC
enables experiments to
produce significant physics
results

Special task force to prepare for
2012 data taking and mitigate effect
of PU on trigger, reconstruction of
physics objects, CPU time, event size

— physics performance unchanged,
e.g. for most of triggers thresholds

are kept the same as in 2011

Main challenge : Pile-up




CMS Detector
Total weight 14000 t C M S
Overall diameter 15 m ECAL 6k scintillating —- L

Overall length 28.7m

PbWO, crystals

N MUON ENDCAPS
HCAL Scintillator/brass 473 Cathode Strip Chambers (CSC)
Interleaved ~7k ch 432 Resistive Plate Chambers (RPC)

3.8T Solenoid

Si Strips ~16 m?2
~137k ch

Steel + quartz
Fibers 2~k ch

Tracker Pixels & Tracker

* Pixels (100x150 um?)
ECAL ~1 m? ~66M ch

HCAL *Si Strips (80-180 um)
~200 m2 ~9.6M ch
Muons MUON BARREL

Solenoid coil 250 Drift Tubes (DT) and
480 Resistive Plate Chambers (RPC)




ATLAS Detector

Detector characteristics

Width: 44m
Diameter: 22m
Weight: 7000t

Solenoid CERN AC - ATLAS V1997
Forward Calorimeters

Muon Detectors

Electromagnetic Calorimeters

ATLAS

End Cap Toroid

Barrel Toroid Inner Detector J Shielding

Hadronic Calorimeters




Commissioning of Detector and Reconstruction Tools

Tracking & Vertexing
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Particle Flow Concept

Made possible by CMS granularity and high magnetic field

': p

LM HCAL

= By Clusters

hadron ! ; % ] detector ~
: 2 £ |~

= Optimal combination of information from all subdetectors

= Returns a list of reconstructed particles

* e,l,y, charged and neutral hadrons
* Used in the analysis as if it came from a list of generated particles

* Used as building blocks for jets, taus, missing transverse energy,
isolation and PU particle identification
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Calibration of Searches with Standard Candles
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* Analyses searching for the Higgs Boson were
commissioned with “Standard Candles”
* Example : the H = 11 search is commissioned with the
study of inclusive Z production followed by Z - 11
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Standard Model at 7 TeV
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Standard Model Higgs Bos
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Main search channels (m, < 150 GeV)

qqH / gg-H H-yy
qqH / gg-H H-WW-2[2v
gg—-H H-ZZ-4/}
qq-VH  Z-{l,vv / W-[v / H-bb
ttH H - bb
qqH / VH / gg—H H-TT

on at LHC

t HO

HIL'I-

WW, ZZ fusion 9

x 0
3 H

W, Z bremsstrahlung

1T fusion
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CMS Experiment at the LHC, CERN
Data recorded: 2012-May-13 20:08:14 621490 GMT
Run/Event: 194108 / 564224000

T




Di-jet Tag (VBF Event Category)

Exclusive di-jet category

diphoton events compatible
with VBF signatures

two jets with large rapidity

gap and invariant mass

- high S/B
80% of events - pure VBF

CMS Experiment at LHC, CERN

Data regorded: Mon Sep 26 20:18:07 2011 CEST

Run/Event: 177201 / 625786854
Lurmi section: 450

Di-jet event with:

* diphoton mass 121.9 GeV

* dijet mass 1460 GeV

* jet p;: 288.8 and 189.1 GeV
* jetn: -2.022 and 1.860

events
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CMS Experiment at the LHC, CERN &,

L
Data recorded: 2012-May-27 23:35:47 279030 GMT
Run/Event: 195098 / 137440354

Signatures : 4 isolated leptons
. narrow mass peak in m,, spectrum
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H - 1t Final States

semi-hadronic tau decays

Leptonic tau decays

ecay mode esonance Mass [MeV/c ranching ratio
Decay | R M MeV/c?] B hing rat
- T~ > 7TV - 135 10.99
T = eve Uy ¢ 1T% ST 35 0.9%
T- > T TV, p 770 25.5%
— - —-0_0 0
s TT ST Tnr, aq 1200 10.8%
T 'LLVM Vr 17% Y Y a 1200 9.8%
T 1 -0/0
7~ - a rtr 7. a 1200 4.5%
_ Total 59.2%
e : i
= 2 Other hadronic modes 5.6%
j
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CMS Experiment at LHC, CERN ol Lk o Mg es ||| .
Data recorded: Fri May 20 01:10:36 2011 CEST 0 02040608 1 121416 18 22
Run/E t: 165364 / 356120525
LLljrrul'ui sueEcTion: 285 ? M-'I$ [GEUJ‘IC ]
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Tau Lepton ldentification in CMS

Tau Identification T-> TV T->a,V T-> pV

L3 [} ‘ = PSS B, " o

- Reconstruction of \/ LA
individual decay modes |

- charged hadrons + EM objects . IS \ i
] 1 Prong 3 Prong 1 Prong % Strip
- EM strips to account for

material effects

CMS Simulation, |s=7 TeV

5 T Z—>tr MC
o =—=TT
3 09 Genki<23
2 08
Tau isolation based on MVA  |" o7f parkearkA R
approach 0.6 .:*7’""""**-- o=
- | - o
— absolute energy sum in zj_ i aas e e
AR rings i ;
03 @& HPS Loose Comb di
0.2: B HPS Med Comb dp s
Efficiency > 60% 01F - =
oo by s byl v g by pa byl vyl
for a tau fake rate of 6% LR “gentp, (GeV)
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Evaluation of Z - 1t Background in H - 1Tt Search

Z - 1T main irreducible background for H » 11 search

Can be evaluated in a data-driven way
1) Select Z -» up events

n T
2) Replace muons by simulated /\
tau decays

3) Overlay simulated tau decay

products with the reminder of / T
event

event environment taken Validation of VBF MVA

from real event performance with embedding
- proper modeling of PU, UE, Hae Z-5,, 2011 (4.8 )

jets, missing ET ::+ —— Embedded data

- reduced systematic effects o —+— Embedded MC

technique is know as tau embedding

* tools developed and maintained

by ﬂ(l I and
Karlsruher Institut fur Technologie




VH, H -» bb Search

n 1 E 2 e -

o - 8 : =

= - g C ! ] Mbb =128 GeV

— % e P pT = 153.78 GeVic |

2 E | bb)= 181 GeV

g T e L pr(bb)=1281Ge

o = Al

C -1

E 1 0 CMS Experiment at LHC, CERN I s / g ,'///
m Data recorded: Mon Jun 27 02:59:42 2011 CEST —— -

Run/Event: 167807 / 149404739
Lumi section: 134
Orbit/Crossing: 35103256 / 2259

Second B Jet Candidate
pT = 48.44 GeVic

Combined Secondary Vertex Tagger : 0.919

10'2E

10° ' T
100 200 300 500 1000
M, [GeV] ZH- >ptptbb candidate
Br(H - bb) is largest @ m,< 130 GeV

q H
/ inclusive search impossible due to

/ overwhelming QCD background
— exploit VH production

W™ /Z*

4 — ee, U, vV

W — ev, uv
q W/Z H — bb
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General Search Strategy

« Selection of events compatible with signal signatures
« Cut based approach
« Robust (less prone to systematic effects)
 less performant than multi-variate approach
 Multi-variate approach
« Prone to systematics ( correlations between variables)
« more performant than cut based approach
« Evaluation of backgrounds in the selected sample
« Monte Carlo simulation (shapes)

« normalization from side-bands (background enriched
samples)

« Shapes from data
« Construction of signal model
* From Monte Carlo simulation
« Choice of discriminating object
« 1D distribution of reconstructed mass
« 2D distribution (mass vs. signal discriminant)
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Statistical Analysis

* Array of analysis bins combines information from all
bins from all channels

* bin : signal expectation, background expectation,
observed data - construction of likelihood

« systematic uncertainties are incorporated through
nuisance parameters 0 (vector of systematic errors)

* Statistical analysis using
profiled likelihood

—QZH(Q) _ E(data|,u, éﬁb)
L(datalfi, 0)

* Toy experiments - two
statistical ensembles

observed

background

Jsignal+background

Probability density

* background only

* signal+background

e Confidence levels

.. ] -20 -10 0 10
— statistical inference
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Events / 2 GeV

Overview of H —» yy Search in CMS

H- yy signatures : two isolated photon, narrow mass peak

Search exploits MVA approach

— event categorization based on MVA output and information
about accompanying jets (VBF tag)

MC used only for the analysis optimization
No prior model for background : background determined

2012 8 TeV

2500 o
CMS preliminary

Is=8TeVL=53fb"

SRR T ]

[+

2000

§\V
(E

1500

1000

500

.hkf{1144. |

ke
—— &
?J""' o] -
e Vs, -

+ Data
] 2prompty
[ ] 1prompty 1 fakey
[ ] 2fakey
I:I Drell-Yan

[ ] H=yy (125 GeV) x5

Rl = =~
.
[ e aay.

-] | L L1 ] L J - - | -
900 110 120 130 140 150 160 170 180

m,, (GeV)

from fits of mass spectra in
each event category separately
assuming no-signal

possible bias studied with various
smooth functions, modeling

background shape

bias due to presence of possible
signhal < 20% of stat. error of fit

Z - e'e sample is used to
measure y energy scale and
resolution
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Diphoton MVA

* Diphoton MVA combines variables independent
- photon kinematics
- MVA based photon IDs
- Per-event diphoton mass resolution and vertex probability

4 categories depending on MVA output

<t & x10°
o —— MG Background I - A
o i B qoh 124GV CMS Preliminary o Ey L' Frslimingty o Taln .
"‘u‘.‘i 0' 1 2 — vbf124GaV Simulation __C_?‘ 20 :.- \s = 8 TEV, |._.= 53fb" B= Orell-Yan + Wy
b= B wzh 124GeV w gl : W "eicc Fale
Q0.10H B tth 124GeY c ma o —— Prompt-Fake
> Q@ 60 S : == Prompt-Prompt
@ o , 1 " ' N9
= 0.08} [a) |
o = 120 O
E 0.06 10l :-: I
- ! 85 |
0.04 i |
. 6 |
0.02 4f I
O‘O e e : i g Eed : f-'-'-:"l:-T |E=5 e I L E |
o 05 0.0 0.5 1.0 9% o5 0.0 0.5 1.0

di-photon MVA output

di-photon MVA output
 Exclusive di-jet categories : events compatible with VBF signatures

— two jets with large rapidity gap and invariant mass
- S/B enhancement (80% of events are pure VBF events)
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H - yy Search

S/B-weighted sum

 Multi-Variate Analysis
 Event categorization based on
- MVA output

- compatibility with Vector Boson
Fusion signatures:

o 2 jets with large An(jj) & large m(jj)
* No prior background model

« background shape and normalization
-  fits of mass distributions with
smooth function

Lowest p-value at m,; = 125 GeV

Local significance : 4.10
Global significance in the mass

range 110 - 150 GeV : 3.20

<2000 - CMS Preliminary

[0}
(H1800F 1s=7TeV,L=5.11b"

1600
1400~
wn L
21200,
1000
3 800-
5, 600°
S 400"
= 0

200~

L 1s=8TeV,L=5.31b"

—#— S5/B Weighted Data
— S4B Fit

J#io
I t20

Bkg Fit Component

N
120

N R
140

m,, (GeV)

-
o
]

E Interpretation Requires LEE

CMS Preliminary
Vs=7TeV,L=5.11fb"
{s=8TeV,L=53fb"

Local p-value

- : : : : 3 : : N

AVEE\\NN/F\\VS B ; 1c
WX -

S ez 20
T e 1y s e s
10_3 ; — — N1 Observed (Asymptotic) . 3o

B ----- 1x SM Higgs Expected (Asimov)
109 e R JERSRPS W N 7 TeV Observed (Asymptotic)

i v 8 TeV Observed (Asymptotic) 4o
10-5 o v b T b b b

110 115 120 125 130 135 140 145 150

m, (GeV)
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H-»2ZZ*-4/ Search Channel : Overview

Golden channel

 clean signature : 4 isolated leptons
« excellent momentum resolution of leptons
« Narrow mass peak m,

Backgrounds :
* irreducible : ZZ*
 reducible : Z+jets/ttbar/WZ

Channels studied : 4., 2u2e, 4e
Lepton selection
minimal lepton p; = 5 GeV (u), 7 GeV (e)
at least one lepton with p; > 20 GeV
at least two leptons with p; > 10 GeV

Z1 candidate : pair with mass closest to m(2Z)

Z2 candidate : built from remaining leptons
with highest p;,

40 GeV < m(Z1) < 120 GeV

Events / 2 GeV

Events / 2 GeV
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I1 20
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Matrix Element Likelihood Analysis

dynamics of decay described fully by 2 masses and 5 angles
Matrix Element Likelihood Analysis
discriminates )’ = 0 state from background

x —1
o Prg(ma,ma, 01,02, ®,6%, P y[mige)
MELA = |1 + - H
Pﬁig(ml* ma, 91} 92* (IJ:- 9 3 (I)l ITT?@;.‘-‘)
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= 0.14- -
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Statistical Analysis in Z » ZZ* - 4 Channel

statistical inference performed with 2D distribution [MELA, m,|]

data vs. background
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Results of H » ZZ - 4/ Search

statistical inference performed with 2D distribution [MELA, m,]
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Combining H » yyand H -» ZZ - 4/

 High sensitivity, high mass
resolution channels

o 1g T = :
= lo YY : 4.10
g 10°F N /oo
A1 N 4 leptons : 3.20
o 'Y E 0 Tl
S 10 \\ // 4o near the same mass
~10° N\ m, = 125 GeV
10° e, : .
e ~>° « Combined significance |5.00
10°F 1
ol minary —360 :
B TR B e N Observation of new
E | = === Exp. for < . ) . —% -
101 —ron e= ;{jt :-;131 1, state with m, = 125 GeV
I e e e e ——————————— ©

116 118 120 122 124 126 128 130
Higgs boson mass (GeV)

« Expected significance for SM
Higgs boson : 4.70
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H- WW - 2/ + 2v Channel

Signatures

- 2 hight p; isolated leptons (uu, ee, ep)

- large missing E;
- small Ap(£2)
Main backgrounds

WW, top, W+jets, Z+jets, WZ

Search strategy
cut based selection

exploiting lepton kinematics;
event categorization based on

jet multiplicity
— O-jet
- 1-jet
— VBF (2-jets)

Dilepton mass as final discriminant

95% CL limit on c/cy,,

10° ¢

—
o
T T

entries / 5 GeV

60

- data — H(125)
ww |l Z+ets

CMS |
2012 data

40

o

f g
5 Bt

. mw
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eu+ue final state i

top

0-jet
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50
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I~ Al
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‘\

300 400 500 600
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Combining H - vy, ZZ and WW Channels

o) 1E' —_— | !
- 1 1c
=107
o \ 3o
—_ 43 s
© 107 ™= N
O 4 )
3 10 340
i
10‘5E \ /
10°E 56
107 Tl
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10_10;—H—>W H— ZZ + WW +vyy
10_11§ —_— H— 77 \s=7TeV,.L=5.11b"
!. — = -1
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116 118 120 122 124 126 128 130
Higgs boson mass (GeV)

Combining high sensitivity,
high mass resolution
channels

vy + ZZ - 44

and high sensitivity, but low
mass resolution channel

WW - 2/2v

Combined significance : 5.10

Expected significance for SM
Higgs boson : 5.20
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H - 11 Search : Introduction

o x BR [pb]

10 2
- s =8TeV 2
15 E
C o g
= = [y % =
10t/ b 2Z~1g 4
L/ Excluded at 99%
oot/ /4 \GLOMS 2014
7 f’:‘f 1 -
.3 = ['] :J%;""-\
10 : Ise,u x"u,l o
VeV ViV | s O 1
/ q = udsch ‘u\ ey
4 R i ,
107 100 150 200 250

* Large o % Br at low mass

* The most sensitive among
fermionic decay channels

* Sensitive to all production
mechanisms

* Direct probe of Higgs boson
couplings to leptons

Gluon Fusion Process

4 |

*H <

VH Process

T

+
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Jets p; > 30 GeV

3.0%

Included in CMS Analysis

e + had

'fl mu + had

§ lhad+had)

Karlsruher Institut fir Technologie

L

T OF L py*

oJet, Lowp,
High background

Cd

Analyses being developed

with participation of @ ﬂ(".

Karlsruher Institut fiir Technologie

1Jet, Lowp,

Enhancement
from jet

requirement

Y

o Jet, High pT
Lepton p;
spectrum

harder from H

1 Jet, High p-
Enhancement

from p; and jet
requirement

VBF

2 jets, no jetsin
rapidity gap
MVA based

~ selection

full reconstruction of ditau mass from
tt decay kinematics, E;, tt decay matrix element

36



dN/dm__ [1/GeV]

Mass Distributions in Event Categories

CMS Preliminary,\'s = 7-8 TeV, L = 10 fb—1tetu

10° L VPSS PV
= (5%) Ho1t m, =125 J
—e— observed ]
CJz-re
102_
ol
10 F
F =
15—_+_ I
0 100 200 300

0-jet category

* Constrains energy
scales, efficiencies

* Large DY background

* Sensitivity boosted by
low / high p; split

CMS Preliminary,\'s = 7-8 TeV, L = 10 fb'TeTy,
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—e— observed

70
[ Z-t

60 B 7 ee
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* Enhances sensitivity
togg - H

* Improved mass resolution

* Sensitivity boosted by
low / high p; split

dN/dm__ [1/GeV]

CMS Preliminary,\s = 7-8 TeV, L = 10 fb"' T, Ty,
S I...I_--I (5>I<) Iqelﬂ ImF:=1I25I—:
—e— observed ]
| Y 3
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[CaQcD ]

4.0
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3.0

25
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HTh
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VBF category

* Clean mode

* Highest S/B

- highest sensitivity at
my, < 130 GeV
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N
2

Multi-variate Analysis
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In many cases rectangular cuts are not efficient
in signal against background discrimination

g Multi-Variate Analysis h
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Mass Distributions in H =» 11 =» 2u4v Channel
MVA(tt) + MVA(VBF) discriminants (56~ &("‘
- final selected samples 7o == W B

Statistical inference with 2D distributions [M(pp) , M(t1)]
- sensitivity boosted by factor 1.5 - 2.0

Shown are the M[t11] projections of 2D distributions

| O-jet l | 1-jet l | l
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H - 1t Search Results

sensitivity / channel

CMS Prellmmary\{E

7+a TeV, H-tt, L= 10 fb™’

< 20 .
& Expected Limit .
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95% CL limit on G/GS

combined results
cms. Prehmmary\jE 7+8 TeV Hot, L = 10fb1

.......... 5|mulat|en sngnal inj. (m 125 GeV)
-~ =——a— observed
expected

- I * 1o expected
1+ 20’ expected

| 140 |
m,, [GeV]

10 120 130

analysis approached sensitivity to signal
no significant departure from SM background expectation

> Observed exclusion : 1.06 x gy for m, =

> Expected exclusion at m, =

1

125 GeV
25 GeV : 1.28 x Oy
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Search for Z(Z{)H, Z(vv)H, W(Zv)H with H-bb

Br(H - bb) is largest at m,; < 130 GeV

inclusive search impossible due
to overwhelming QCD background

- exploit VH production

q H

4 — ee, L, VY
W — ev, pv
H — bb

W/Z

MVA shape analysis

MVA combines

— lepton kinematics

— b-tag in

— jet kinematics
— mass information

— missing

formation

95% CL Limit on c/cg,

Events/15.0

T ‘ — ———
180~ cmMms Preliminary ® Data —_
T {s=7TeV,L=5.01b" —— VH(125 GeV) 7
1601 fs=8Tev,L=5.0 " V(125 Gev) —
F pp—V+bb Cw J
140— C_Jz+bb —
= [ Z +udscg —
120— I W+ bb i
- I W + udscg -
- [ Single top —
100— . —
C el &= MC uncert. 3 3
80— —
60 -
40— : —
20/ %
07 le=o.r::i<‘=|.uno
o 2" :
% 1.5
T 1
Co5¢
0 50 100 150 200 250
M, [GeV]
br——————————7———— ————T————]
- CMS
[ Vs=7+8TeV,L=5.0+ 5.11b"
5[— VH(bb), combined
L —e— CL Observed
N --e-- CLg Expected
4~ | CL,Expected+ 1o
o CLg Expectedt 26
3
2f
1
T P R R SN I SRR |
110 115 120 125 130 135

Higgs boson mass [GeV]

E;

results of analysis compatible with either
background or signal from my = 125 GeV

— more data needed
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Combining Bosonic and Fermionic Channels

Q 1 I LA L R |
E 1 1-—- .
g 10 . /s
107 \ . L~
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I S g Vs=7TeV.L=511" 7
10”22 \s=8TeV,L=531" 3
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Higgs boson mass (GeV)

Combining bosonic modes
v + ZZ - 4] + WW - 2/2v

with fermionic channels
Tt + VH, H - bb

Combined significance : 4.90

Expected significance for SM
Higgs boson : 5.90
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Characterization of a New State @ CMS
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ATLAS Results

« Channels updated by ATLAS wth 5 8/fb @ 8 TeV |
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ATLAS Results

 ATLAS Combination:

> 5.8/fb @ 8 TeV 97 105k ATLAS Preliminary = 2011 + 2012 Data 3
§ 1 0: B Somp: \s=7TeV: |Ldt=4.6-4.8 fb"
*H- YY - 10 —— Obs. yy+4l Vs =8 TeV: [Ldt=5.8-5.9 fb"
102 ---- Exp.yy+4l
e H-2ZZ - 4)] 10 —— Obs. Iviv+tt+bb

---- Exp. Wlv+tt+bb

> 4.9/fb @ 7 TeV _- o, = SR

e H - YY EC) SR ... ......... ‘..-.'.”.‘:=...‘ ............................

* H->2Z - 4} : o e R

« H-> WW - 2/2v ' LN S :

e H- 1T |||||IL
110 115 120 125 130 135 140 145 150

- VH, H-bb my [GeV]

Observation of excess @ 126 GeV
with local significance : 5.00

Expected significance : 4.60C
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ATLAS Results : Mass vs. Cross Section
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Measuring Higgs Properties with 30 fb! at 8 TeV

CMS TDR 14TeV Mass Spin/Parity : 0+

AMH / MH’ O/O

| cws 0w Am/m = 0.2%
1 0 0 0
5 Measuring I, impossible
@ m, < 140 GeV
101 = .
* {  w observation of H-WW and
—— HZZ 4l ] =
= __ WW-2[2v with trend to
0w o BO 28 | . _emme-mT T small A¢({,{) rules out J=2
M,,,GeV/c 35 14" -
1 E % .....
Az T /[ FH2) s
% %0_9; _QE(H:W) .g .g 01 = = four-muon mass resolution (1%)
“ E """" Q?(H't) %f; *+* di-photon mass resolution (0.5%)
0'8} ——g(H.b) < %0.01 — Higgs boson half-width
0.73— Ty
F oSy ey SO0 0 150 200 250 300 3% 400 450 500 50 600
o8- 2 Experiments Higgs boson mass my (GeV/c?)
o050 J.Ld1=2*30 fb !
Couplings
0.3; =

0.2

e fully model-independent measurements impossible
- — * minimal assumptions -» Ag? /g? = 20 - 30%
ofeebuun Ll bbb, * dedicated machinery for grand fits needed
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01f
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Despite its phenomenological success, the SM is
incomplete

* mechanism of symmetry breaking not established yet
« most favored scenario - Higgs mechanism
 predicts one more physical state - Higgs boson

Searches for Higgs bosons at LEP and Tevatron found no
compelling signal - constraints on model parameters

LHC experiments observe a new state with m, = 125 GeV

— consistent with expectations from SM Higgs boson
— more data needed to reveal the nature of observed state

Searches for BSM Higgs bosons are ongoing in parallel with
SM Higgs searches, reinforcing constraints on new models

Higgs hunters are impatiently waiting for new LHC data in
order to answer the questions

— Is what we see now really Higgs boson?
— Is it THE Higgs or A Higgs?
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Reconstruction of Ditau Mass in H = 1t Search

= SVFit
= Event-by-event estimator of
true m(tt) likelihood

2 T = Matrix Element used for t—lvv

é el CME $imalatign 2013 = Phase-Space is used for t—mt

5 0.12} _

3 Higgs m, (120) (integration) = Nuisance parameters are

g O B 2o integrated out

‘g 0.08}
el = Mass peaks at true value
0.04} = 20 % improved resolution
0.02} = With respect to 2011

50 =0 a0 | " Betterseparation of HfromZ
m,, [GeV]
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