The Higgs particle — history of the experimental search
reduction of the allowed mass range

e 2004 LEP limit: my > 114.4 GeV
— uses data, collected from the LEP experiments until 2000

e 2010 Tevatron exclusion: 158 < mpgy/GeV < 175 is excluded
— data from the Fermilab experiments CDF and D)

e July 2011 LHC exclusion: 145 < mp/GeV < 466 is excluded
— data from the ATLAS and CMS from 2010 and 2011

e December 2011 LHC limits the allowed mass range
— ATLAS: 116 < mp/GeV < 130
— CMS: 115 < mpy/GeV < 127

o July 4t 2012 CERN announces the detection of
a boson compatible with the SM Higgs boson

— ATLAS: my ~ 126.5GeV Q@ 5 ¢ significance
— CMS: myg = 125.3 4+ 0.6 GeV @ 4.9 ¢ significance
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The Higgs particle — experimental search

by the Atlas detector
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The Higgs particle — experimental search

by the CMS detector
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The Higgs particle

CMS: a modern detector
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The Higgs particle — experimental search

How was that measurement achieved?

e combining the production channels 2 |
with the decay channels " ot A Bk
o — z2Z 3
of the Higgs boson % 1
S [
102 =
e the largest branching ratios ; vy 2
— bb, 7'_7'+, cc, and gg 10° =400~ 920 140 160 EEG
+ hard to distiguish from background "
— WW — 4q
« similar: also hard to distiguish from background
— WW — 2/2v
« neutrinos are not measured = bad reconstruction
= looking for vy and ZZ — 4/
+ has also very good mass resolution
— ""golden channel”
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The Higgs particle — experimental search
H — vy

e Monte Carlo and data:
— gives a signal
on a background
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with local p-value at 125 GeV with a local significance of 4.1 o
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The Higgs particle —
H—ZZ* > u ut +e et

8 TeV DATA

4-lepton Mass :
126.9 GeV

K-(Z1) pT:

24 GeV

experimental search

1+(Z1) pT : 43
GeV

e = -

e+(Z2) pT: 21

CMS Experlmeer'l't¥_HC, CERN

Data recorded: Mon May 28 01:35:47 2012 CEST
Run/Event: 195099 / 137440354

Lumi section: 115

e-(Z2) pT:
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The Higgs particle — experimental search

Combining H - vy and H —» ZZ* — 44

Q 1?_#?|||
. . . ey e . -] ) 1o
e combining the high sensitivity, Tg 10_;5 N\ 7 o
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= combined significance of 5 o Higgs boson mass (GeV)

( as of 2012 ... now it is more )
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The Higgs particle — experimental search

Characterising the excess in all channels

e results for the mass are self consistent

e and can be combined

= my = 125.9 4+ 0.4 GeV

e But is it the SM Higgs boson?
= comparing to other hypotheses:
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The Higgs particle — experimental search
Comparing couplings to fermions and to vector bosons

e Group the Higgs couplings into
"Vectorial” and "Fermionic’ sets.

CMS Preliminary
Vs=7TeV,L=5.1fb’
\s=8TeV,L=531b"

-

e with coupling strength
relative to the SM value

— cy for vectors
— cp for fermions

e use theoretical LO prediction
for the loop-induced
H — vy and H — gg vertices

e agreement with SM in 95% range
— fermio-phobic Higgs 7 ... statistics

= We need more data! and they will come
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Nobelprize in Physics 2013

Francois Englert and Peter W. Higgs

Thomas Gajdosik — World of Particles Higgs discovery

11



